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The Resultant Is a Single 
Load in a Single Direction 


One of the elementary principles of me- 
chanics is that the combination of two 
forces exerted in different directions IS a 
single force acting in one direction. Like- 
wise, the fundamental principle of the 
radio-thrust bearing is the inclining of the 
load line of the balls into the general direc- 
tion of the line of force through which the 


Simple Resultant load is received. Thus, SS I 
in Gurney Ball Bearings NO 


Both Radial and Thrust Loads Are 
Carried on a Single Row of Balls 


This fact simplifies machine designing and permits the reduction of excess weight because a Gurney Bearing of 
smaller size and less weight can be used for carrying any combination of radial and thrust loads. | 


TheJoad capacity of Gurney Bearings is very great because the close approximation of raceway contour to ball 
curvature utilizes to the fullest extent the capacity of each individual ball, and because the Gurney patented 
method of assembling permits the use of the maximum, both in number and size of balls, in a single bearing. 
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Spring Meeting of the A. S. M. E. 


St. Louis, Mo., May 24-27 


A tentative program for the Spring Meeting of The American Society of Mechanical 


Engineers will be found in Section Two of this issue, together with particulars of an 
excursion to the plant of the Mississippi River Power Company at Keokuk. A 


strong professional program has been arranged for the meeting and many attractive 


entertainment features are to be provided by the St. Louis Committee. 


Contributors and Contributions in the April Number 


Charles de Freminville, Engineer of the 
Schneider Works, the Greatest Industrial 
Organization of France 
When M. de Freminville received Honorary 

Membership in The American Society of Mechanical 


Engineers last December he delivered a scholarly 


paper before the Society on the Reliability ot 
Materials and Mechanism of Fractures. When he 
returned to France he took his manuseript with lin 


for revision and it has just been received in its fin- 
ished form. M. de Freminville was a pioneer in the 
construction of steel railway cars, later was asso 
ciated in the manufacture of automobiles, and du 
ing the war in the production of guns and shells 
These various aetivities called for an intensive study 
of the characteristics of steels, upon whieh he has 
become an authority of international fame. 


Otis L. Melntyre on the Use of Pulverized Coal 
at High Altitudes 


Three continents are represented in’ this number 
of MecnanicaL ENGINEERING: Europe, North 
America, and South America. Tlie paper from th 
latter is upon experiences in the burning of pulver 
ized coal at the high altitude of 14,000 ft. It de 
seribes experiments which led to the installation of 
pulverized-coal apparatus for the metallurgical fur- 
naces of the Cerro de Paseo Copper Corporation 
and explains the difficulties actually experienced in 
the operation of the plant. 


F. W. Caldwell and E. N. Fales, of the Air Serv- 
ice, U. S. A., Tell of Basic Results Obtained 
from Experiments on the Wind Tunnel at 
MeCook Field, Dayton, O. 


The wind tunnel at MeCook Field is notable for 
the high velocity of air used (500 m.p.h.) and the 
visualizing of the air flow by providing means for 
the condensation of the vapor in the air. In their 
remarkable paper, contributed to this number, the 
authors deseribe the wind tunnel and give data 
which enable one to form a clear conception of the 
conditions surrounding the operation of propellers. 


The Dissipation of Heat from Various Surfaces 
Discussed by T. S. Taylor 


In the January number of MecuanicaL ENGI- 
NEERING Mr. Taylor commented briefly on the value 
of sheet asbestos on hot-air pipes. These comments 
called forth considerable discussion and the experi- 
ments which formed the basis of Mr. Taylor’s con- 
tribution are now described in full in this number. 


They show that wrapping a thickness of 0.2 in 


sheet asbestos around hot-air pipes is no better tl 


leaving the pipes uncovered, and that at least twice 


lat thickness Is necessary to effect a saving o 


per cent. Mr. Tavlor also discusses the etfect 


velocity and the angle at which air strikes the pipes 


thester B. Lord Proposes Method for Securing 
Tight-Fitting Threads 
At the last Annual Meeting of The America 


Society of Mechanical Engineers Mr. Lord, 
the consulting mechanieal engineer of the Re 
Engineering Co. of St. Louis, presented a pap 
describing a new type of rotary compresso1 ¥ 


} 


this number he has contributed a paper on T 
Fitting Threads for Bolts and Nuts, in whiel 
discusses the fundamental principles involved 
the manufacture of threads. Mr. Lord has had 
wide experience in manufacturing problems and 
he urges the use of threads of different angles { 
the bolt and nut respectively ; this is for the pul 
pose ol providing room for the metal to flow, and 
thus produce a fit which will not loosen unde? 


action of vibration. 


vlenn B. Warren on Simplification of Venturi- 
Meter Calculations 
The author had occasion to measure by means © 
a venturi meter the amount of compressed air used 
in connection with research work. He devised 
this a simple method for the caleulations involved 
which are appheable to any venturi meter used for 
the measurement of a gas. This method torms 
subject of the paper. 


Record Altitude Flight of Major R. W. 
Schroeder 
Col. Thurman H. Bane, Commanding Oftieer o! 
McCook Field, gives an authoritative and interest 
ing account of Major Schroeder’s recent flight to an 
altitude of over 36,000 ft. The article outlines th: 
engineering problems involved and lays particular 
stress on the importance of the supercharger. 


Standard Sizes for Shafting Proposed by Com- 
mittee of A.S.M.E. 

As a result of the investigations of the Committee 
of the A.S.M.E. on War Industries Readjustment 
it became apparent that an immense saving in 
power-transmission materials could be effected by 
the standardization of shafting sizes. A committee 
was appointed to investigate the matter, whose re- 
port appears in this number. 
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Reliability of Materials and Mechanism of Fractures 


Behavior of Materials Under Test and in Actual Use Discussed by Distinguished French Engineer 


By CHARLES DE FREMINVILLE', PARIS, FRANCI 


It is a common experience that the behavior of materials in’ prae- 


ice does not always agree with their behavior under test: designs 
worked out from data secured from test pieces have not always 
proved satisfactory, and actual machines have had to be modified 
from the experience of practice. The differences between test pre 
dictions and actual results are set forth in the following paper, and 
it is shown that the reasons for the discrepancy between test and 
actual conditions can be determined by an analysis of the mechanism 
of fractures of the test pieces and of actual specimens. Such an 
analysis reveals the fact that the mechanism of the fracture follows 
certain laws which can be formulated. The paper also deals with 
methods of designing members so that stresses in them do not con- 
flict with the laws of mechanism of fracture. Pieces can be so de- 
signed and so assembled that the stresses in them largely avoid the 
conditions of fracture, and it is significant that when such design 
and assembling is carried out, the behavior of the actual machines is 


much more similar to the behavior of the test pieces themselves. 


HEN the author was invited to read a technical pay 

before The American Society of Mechanical Engineers the 

first subject which came to his mind was, The Reliability 
Materials, chiefly because of his previous experience in the use 


of metals and with the testing of metals. If that word “ reliable 


ressed itself upon his mind, it was cert: 


i 

rd of which he has realized the full meaning in America, wher 
people are always looking for something reliable: reliabl 
rmation, reliable prod iets, reliable men; a country in whi 


found so many reliable friends, and which has proved herself 
rominently and so thoroughly reliable in her immense effort 
e the mutual ideal of civilization of France and America, 
meh cannot conceive Science associated with an ideal other tha 
be 

Re liability is the quality we desire in the metals we use, but it 
s very difficult to aseertain it through a short test. The reliabilits 

ialities they may exhibit, their reliability is known ot ly in the 
ong run, so that in the case of an apparent failure, the qualities 
{ a metal, like those of a friend, should not be questioned too 
quickly. It is not enough to know the intrinsie qualities of the 
metal; a very careful study of the cireumstances under which the 
failure oceurred must also be made, and it is this faet which has 
made the study of fractures and of the mechanism of fractures 
one of great interest to the author. 

During the early days of the automobile industry the problem 
ol resistance of materials began to be considered in a new light. 
Che first motor cars that were built were designed with factors of 
Salety then generally accepted for the resistance of medium- 


= Architectural and Industrial Engineer. Consulting Engineer, Schneider 
Works. Hon.Mem.Am.S8oc.M.E. 
Presented at the Annual Meeting, New York, December 1919, of THE 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. All papers are subject 
to revision. 
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hie Impact test, t which attentior was directed at t t time in 
rance by M. Considéré and later by M. Frémont, seemed to be 
a ery convenient met od tor ascertaining the characteristies of 
the parts of each class. The impact test, however. was devised 
primarily for soft steel and had to be adapted for very hard 
steel. But by making use of the impact test it was possible t 
select for the parts of the first class a grade of stee] which only 
fractured after a very small amount of deformation. and this 


could be considered as a very excellent quality for the parts of 
this ¢lass, 

The parts ot the second class were expected to bend under the 
impact test to a very great extent, and it was easy to find 
wrought iron or mild steel possessing this characteristic, alfhough 
the reliability of these materials for the use considered is a matter 
open to discussion. But here again th problem became com- 
plieated, because there were those who seemed re] ictant to admit 
that some of the parts had to bend easily under certain cireum 
stances and that a limited amount of toughness was not desirable, 
inasmuch as the steel maker pretended to have grades of steel 
uniting in a rare degree ductility with toughness. 

The tensile tests of these steels showed a high ultimate strength 
and a great elongation. The impact test showed that a consider- 
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able amount ot energy had been absorbed by the test piece, which 
gave a great amount of distortion. It is evident that if it had 
been possible to have a diagram of the impact test, showing at 
every moment what was the amount of stress corresponding to a 
given deflection, the matter would have been made very much 
clearer. But since there was no machin 


would vive such a 
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diagram, a substitute was found in a static bending machine reg- 
istering the amount of energy taken in the deformation 
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lic. 2 DIAGRAM FOR COMPARING THE RESULTS OF STATIC BEND 
AND Drop BEND TESTS 


be investigated, the number of kilogram-meters absorbed was 
practically the same as in a quick bend or in a drop test. So far 
as the appearance of the fracture was concerned there was no 
perceptible difference in either case, which showed that the metal 
which seemed to possess ductility and toughness did not possess 
these characteristics to the extent believed.’ 

Figs. 1 and 2 are diagrams for comparing the results obtained 
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by drop tests and quick-bend tests on notched test pieces. In 
these diagrams the ordinates of curves A are proportional to 
loads corresponding to deflections shown on the abscissa scale. 
In eurves B (which are the integrals of curves A,—ordinates y,7/’,, 
vy’... ete., being proportional to surface Y and so on) the amount 


Fic. 8 or SHARP SHOCK ON A GEASS VFSSEI 


Fic. 4 DEVELOPMENT OF THE FRACTURE RESULTING FROM A SHOCK 
ON A THIN SHEET OF GLASS 


Fic. 5 Fracture SURFACE IN A SLAB OF GLASS 


of energy consumed in the bending test is given for each value 
of the deflection. The ordinates 1/,C,, 1/,C,, ete., are proportional 
to the amount of energy absorbed by the drop test for the same 


1The author has recently learned that the same idea of interpreting a 
drop test by means of a diagram given by a static bend test has been suc- 
cessfully used in this country for testing rails, and he believes that it 
can be used in many instances. 
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deflection, as measured in the bend test, and ean be easily com 
pared with y,y’,, y,,. The energy absorbed in the drop test 
appears to be only slightly greater than that absorbed in the 
quick-bend test, but the process has followed the same course in 


both eases, and the difference may be attributed to err n 
experimental work 
Fig. 1 is a diagram of a test of wrought iron or mild steel in 


which the amount of stress necessary to obtain a given detlection 
remains constant over a Jong range. This is the type of material 


which ean be expected to give good results for parts of the second 


CLASS, 


Fig. 2 is a diag lest of a steel with a certain amount 
j of duetility, in which the energy consumed for a given deflection 
appears to he vreater than im the ease ot Fig s and 
offered for parts of the second class. It should be noted that in 
hig. SMALL SPLINTERING Focus G1 as 


Fic. SPLINTERING Focus—GLass 


{ I'RACTURE IN GLASS 


Fig. 2 curve A is abs tely different from curve 4 of F l, as 

shows that a maximum amount of th energy 1s abs ed atte 
a small deflection has been obtained. This maximun the potut 
where the piece begins t ow a erack, which of course did not 
exist in the test piece ose diagram is shown in Fig. 1. 

Parts of the s i class made of this meta] prove . decided 
failure. Even without experiencing the “norm ciiaaiia 
which they were expected to withstand. they s 
tendency to crack t the shghtest deformatio ‘ metho 
of fracture has be alled fissillit by the late M. Br stlein, of 
the Jaeob Holtz fit Unieux. Franes 

By looking close t the fracture of the broken howell piece, 
which was supposed to possess ductility and toughness, it could 
be seen that most of the distortion, or flowing of the metal, had 
taken place not before the fracture was started. but during the 
process of extension of the fracture, and this gave to the amount 


Fic. 8S Fracture in Jupea Brrumen of energy record altogether different meaning. In this case 
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the Tallure the material eould be traced loa rterpretation 


ot the test, but other tailures were encountered whieh could not 


be traced to the quality of the metal used. Typieal among thes 


Fic. 10 FRACTURE IN JUDEA BITUMEN 


was the sudden snapping of levers, under conditions which could 
be specified but which were difficult to explain. The impact test, 
like others, could not give a clue as to reliability in certain cir 
cumstances, 


Fic. 12) Fractures IN Too. STEEI 


THE Stupy Or FRACTURES 


The uncertainties in the behavior of material, the propagation 
of a crack without any distortion of the piece, the sudden snap 
ping of a rod without any perceptible alteration in the neighbor 


Fic. 18 Rents ForMep UNDER THE MAIN SURFACE IN GLASS 


hood, even the changes which were produced in brittleness under 
heat treatment, appeared to be difficult to account for, and it 
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seemed to the author to be worth while to add to the theoretical 


iews of the question by making, as far as possible, a thoroug! 
study of the fracture itself, which would tell, in some cases, the 
story of the failure. 

It is frequently believed that fracture is a form of failure 
such peculiar character as to eseape all rules. However, 
attention of the author was first attracted by the very regular 
fractures of sandstone, which is used extensively in France for 
pavements, and which so resemble one another that they seem to 
be real diagrams of what has happened during the ruptur 
Moreover, a certain number of peculiarities of the fractures wer 
found to be common to both sandstone and steel. It was also 
1oticed that these same features were found in glass fractures, i: 
which they could be observed with great accuracy; also that they 
were still easier to observe in Judea bitumen, where the breakage 
was produced very easily. A further study has shown that 
fractures developed in an identical manner in these various 
materials, 

It is not possible in the limited time at the disposal of tl. 
author to go thoroughly into the subject of the study of fractures, 
and as a result attention can only be called to some of the mai 
features. Fie. 3 shows a fracture developed in a glass vessel by 
a sharp shock. In this should be noted the symmetry of the 
surfaces originated and the peculiar disposition of the startiny 
points of these surfaces from both ends of a small line to whic! 
the surfaces are tangent. Fig. 4 shows the development of th: 
fracture resulting from a similar shock in a thin sheet of glass 
Hlere great symmetry is seen, the network also originates from a 
small line, and some of the surfaces extend entirely through the 
glass, some only partially. . 


In Depression 
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Fic. 11 ScHEME OF FRACTURE IN JUDEA BITUMEN 


14 ScueMe or Teartnc, WitH CraAcKS THAT ACCOMPANY IT 


Fig. 5 is taken from a slab of glass broken in the same manner 
It shows one of the surfaces dividing the slab into pieces, which 
was also partially cut by other surfaces. In this particular case 
the blow was given at J on the top of the slab, and it will be seen 
that the small line, noted in the previous figures as the origin of 
all the cracks, is situated at F’ at the opposite side of the surface. 
It presents a very remarkable appearance and tne general dis 
position of the surface induces us to believe that the fracturé 
originated in that region. 

Figs. 6 and 7 show in great detail other specimens of very 
peculiar surfaces, which illustrate very clearly that there is a 
starting point of the fracture. These examples enable us to se¢ 
that one of the main surfaces cutting the test sample has not 
expanded at one stretch, but is formed by surfaces overlapping 
each other like the blades of a fan. This is made still more 
evident by the fracture shown in Figs. 8 and 9. These surfaces 
overlap each other at distances often smaller than a hundredth 
of an inch, and by making use of the method called recoupement 
(recutting) by the geologists, it is possible to follow the successive 
order in which the various elements of the fractures have 
developed. 

Fig. 11 shows in greater detail one of these surfaces, and 
enables us to point out some of its special features. Part of the 
surface is bright and part dull. A study of the bright part can 
be made from Fig. 10, which shows a standard fracture in Judea 
bitumen. It is very easy to follow the surfaces overlapping each 
other, as is shown by the scheme in Fig. 11. The general arrange- 


| 
| 
| 
| ‘ 
| 
| 
Z 
| 
\ \N ) 
2 aN 
ty 
| 


1920 MECHANICAL 
nent o the surtaces bears a very close esembia tiie 

irlace of water as it runs in a culvert, passes over a dam, 01 
4 xpands In a shallow pond. 

Lhe same arrangements ol Lractures, overlapping surlaces, loc) 
ete., which are easily observed in glass and Judea bitumen are 
ilso met with in tool steel, as shown in Fig. 12. 

We find that the dull part gives the impression that it has 
been rent or torn away, while the bright surtace se to have 
wen carefully cut. Fig. 13 shows how the dull surfia s orig 
nated by small rents coming from under the surfac If now we 
come back to the foeus of Figs. 6, 7 and 8, and look for e po 

ere it has been originated we find that it also lies under t 

rface 

lig. 14 shows what takes place in the tearing of a tough sub 


tance such as gelatine. The eracking bb travels ahe: 
arting at a and prepares the way for its advance 


tough 


15 is anotl 
maderial. The parting at the edge of the tool has 


ade possible by a “ to that sl 


er and striking example Ol the tearing ot a 
been 


cracking” similan own in Fig. 14. 


lhe sketch in Fig. 16 shows the scheme of the formation of the 
eel Chip. 
But how can a bright surface be produced? How can the 
cutting process be carried on without the sub-surface cracking? 


llow ean surfaces be cut which run parallel within su small 


distance as the ones we have noted? The only explanation which 
eems to be satisfactory is 


ition of 


that the cutting power is a vibratory 


the surfaces of the fracture, so long as they do not 


join each other. 


Fig. 16 SCHEME or STEEL CHIP 
rig. IS OUTLINE OF THE FRACTURE OF A BITUMEN BLOCK 
Fig. 17 shows a very typieal arrangement of the fracture su 
: faeces in a bitumen block and Fig. 18 gives an outline of the 
lifferent parts. The same arrangement 1s constantly found in 


19 showing a similar fracture in a piece ol 


steel fraetures, Fig. 


a steel rail broken under a drop test. 


STRESS AND STRAIN 


What are 


+} 


the 


e mechanism 


conclusions to be drawn from this brief study 


ot How 


science of resistance of materials? 


fractures ean it pretend to be a 


‘ontrib ition to the In a gven- 


eral way, by showing the suecession of the phenomena which 


ave taken place during the spreading of the fracture, 1 affords 


an experimental proof that the straining effects are more detri- 


mental to the material than mere stress. This is in accordance 
W what has been shown by a purely mathematical study of 


question, 

ease of an impact fracture, be it in a piece of glass or in a 
find the starting point of the fract 
, although the maximum must certainly 
located on the surface itself. 


piece of steel, we ire under 


surtace stress be 

In the case of a piece subjected to tension only if a comparison 
is made with the fractures already considered it will show that 
fracture has originated along the axis of the test 
20). 


piece (see 
The surface of the test piece itself sustains a very 
important stress, but without being subjected to the strains result- 
ing from the contact of layers undergoing uneven stresses, flowing, 
so to speak, to give the reduction of area. 

The predominance of the internal or straining action is no less 


ENGINEERING 
striking in tue Case ol a rent where Lie straining ellecl Lravels 
advance of the stress which could be originated at the separating 


Fic, 15 Steet 


FRACTURE OF A BITUMEN BLOCK 


PIect STEEL TirE BROKEN IN A Drop Test 


(See Fig. 14.) This condition should induce the metal 
lurgist to pay more attention to the causes which produce strain- 


lig. 19 


point. 


lic. 17 
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ing in other words, to the tensions which may exist in the pieces 
after being east or forged. This is illustrated by the changes in 
brittleness which oceur in glass undergoing heat treatment. The 
heat treatment does not bring about any change in its molecular 
arrangement, but the glass coming out of the furnace is ver) 
brittle, and after being properly annealed is so much less so that 
it is in the so-called unbreakable state; that is to say, it ean sus- 
tain shocks and bending to a mueh greater extent than ordinary 
glass. 

The first condition is one of very uneven tension; the second, one 
without tension; and the third, one which has a beneficial tension. 


ic. 20 Test Prece Ruprurep UNDER TENSION: FRACTURE ORIGI 
NATED ALONG THE AXIS 


This unevenness of tension also exists in steel, irrespective of the 
chemical or other changes in structure. An example of the effeet 
of these internal tensions is given by Fig. 21, which shows a frac 
ture in a rail. It is evident that the fracture was started in the 
neighborhood of the neutral axis, a fact whieh could not be 
accounted for if the piece had been under normal conditions; 


Fic. 21 TENSION FRACTURE IN A Street Ratt 


therefore the causes of a fracture of that kind must be traced to 
a tension most likely produced in the rolling mill. This case 
illustrates the mode of cutting which produces bright surfaces in 
glass, and which can only be explained by the presence of a 
vibratory motion of the surfaces when they are apart from one 
another. 

In conclusion the author trusts he has created the impression 
that a methodical study of fractures is of the greatest importance, 
especially as it leads to a knowledge of the causes of failures 
which cannot always be attributed to the intrinsie qualities of 
the metal itself. 


THe JouRNAL 


AmSoc. M. E. 


Large Gas-Well Fire Extinguished with Explosives 


The successful application of explosives in extinguishing a 
fire at one of the Standard Oil Co.’s wells near Taft, Cal., r 
ported in a recent issue of the American Gas Engineering Journal, 
suggests the possibility of greatly simplifying the present ex 
pensive methods of extinguishing gas-well fires, oil-well fires and 
oil-reservoir fires. 

Drilling operations with a rotary drill were im progress in 
well No. 7, in the Elk Hills, in the Midway Oil Fields. The 
well was at a depth of 2135 ft. in 10-in, casing when a supposed 
water sand was encountered. To test this sand for water the 
mud in the well was bailed down to relieve pressure and to allow 
any water present to accumulate in the well. During the cours: 
of bailing the well blew out under tremendous pressure and yas 
began to flow at the rate of 125,000 eu. ft. per min.. An 
attempt was made to get the well under control by closing 
a 121's-in. gate valve with which the casing was equipped, 
but the shale and sand earried by the stream cut out the 


seat of the valve while the gate was being closed and 
the well continued to blow. Seon afterward the frietion 


caused by shale and sand had produced a red-hot heat on tli 
casing. and the gas, igniting, burst into a column of fire, 
gushing 300 ft. skyward. Its maximum width of about 50 ft 
was reached after the flame had traveled about 100 ft. upward 
The gas emerged from the easing with such foree that for a dis 
tance of 12 ft. about the casing there was no flame. The derrick, 
100 ft. in height, was immediately consumed and all that remained 


Metal at the casing melted, 


was a twisted mass of iron and steel 
while within a radius of 50 ft, it was raised to a white heat 
Kverything within hundreds of feet was burned and baked. It 
is reported that the fire could be seen from a distance of 80 miles 
and that the roar from the eseaping gas could be heard at a 
distance of ten miles. 

Attempts were made to extinguish the fire, first with ten boilers 
and subsequently with sixteen and twenty boilers. With the 
twenty boilers there were twenty-one 3-in. lines and nine 4-1 
lines and eleven rotary pumps throwing steam, water, mud and 
carbon tetrachloride. Nearly half a million dollars were expended 
in vain attempts to extinguish the fire. In the meantime the 
easing above ground had blown off, the well had formed a erate 
and the flame was down to the ground level. 

As a last resource it was decided to suspend a package of Giant 
blasting gelatin upon cables in such a manner that the package 
could be safely brought to and exploded at the edge of the fire 
at a distance of about 40 ft. above the ground. Two derricks 
approximately 40 ft. high were built on either side of the burn 
ing well and so far away that the heat would not destroy them 
A 9/16-in. steel cable was attached to the top of one of them, 
then laid around the well outside of the heat zone to the other 
derrick where it was run through a pulley at the top and the 
end attached to the drum of a small winding engine underneath. 
The explosives, bound in one package and covered with heavy 
sheetings of asbestos, were securely attached to this cable at 
the same distance away from the first derrick as the burning well 
was. The engine under the second derrick bezan drawing the 
cable taut, which pulled the explosives toward the well and at 
the same time hoisted them. When they had reached the prope! 
spot they were exploded electrically. All of these operations 
had to be done very quickly so as to bring the explosive charges 
to the necessary point before they were ignited or exploded by 
the heat from the burning well. 

When the package exploded the fire was divided into thre 
sections. The section at the point of explosion was moved 
bodily away from the column of gas in a horizontal direction, 
the upper section was blown upward and beyond danger of r 
ignition of the gas column, while the lower section was snuffed 
out, the flow of gas being temporarily checked. 

An idea of the enormous amount of gas flowing from this 
well may be formed by noting that it could conveniently suppl) 
eight cities of the size of San Francisco, which alone consumes 
22,000,000 eu. ft. of gas each day. 
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By F. W. CALDWELI 

Description of wind wnnel at McCook Field, Dayton, Ohio; phe- 
nomena discovered by its use; analysis of propeller theory and appli- 
ation thereof to fan design in the light of facts established experi- 
mentally; methods for visualizing air flow. 

The wind tunnel at McCook Field is notable first for the high 
velocity of air used (500 m.ph.) and second, for means adopted to 
isualize the air flow. This latter is done by maintaining the humid- 
ity of the air in the tunnel at a certain predetermined level and by 
roviding opportunities for its condensation where it will show the 
haracter of the air flow. 
by these means data on vortex 


The study of air flou gave neu 


formation created by the presence of aerofoils and made it possible 


to form a clearer conception of the conditions surrounding the opera- 
ion of propellers. 

The value of such investigations as can be made with the McCook 
Field equipment lies in the fact that hitherto the theory underlying 
flight phenomena has been purely rational and not directly applicable 
vo engineering design because of the absence of empirical measure- 
ment of flight vortices. Because of this, it was impossible to pre- 
determine the performance of aerofoils of new shapes, speeds and 
izes without first building a model and determining the particular 
oefficients applicable to the new design experimentally. Data ob- 
tainable in a wind tunnel having provision for visualizing the air 
flow are, however, capable of supplying this deficiency. 

The authors show the application of some of the data obtained to 


he design of blowers and fans. 


EMBERS o Americar Mechanical | 

M gineers as well as most of the older engineenng pro 
fessions have shown a keen 
the of the 
s interest is no doubt partly due to the romance of 
ed mankind’s ave-lo the 


ht; and partly to the patriotic hope that America will 


society of 


interest in aeronautical 


blems and. in scientifie side of aviat 


progress 


ng desire to imitate birds in 


hecome 


redominant in a field which owes its existence to two Americat 


ventors, 
(his interest s very valuable to aeronautical engineers, as we 
‘ that association with the older professions ought to enable 
‘ Lo keep at least one foot on the ground. At the same time 


felt that the information gained in aeronautical research may 
ve helpful in some ways to the mechanical engineers. 
[t is the purpose of this paper to summarize our conceptions 
light phenomena as developed by the use of the high-speed 
MeCook Field. 


ental aerodynamical phenomena upon which flight depends has 


d tunnel at The understanding of the funda 
een rather vague throughout the past, simply because of the 
sibility of the air. Our knowledge of these phenomena has 
based on deductions made from observing the forces pro 
(The variation of the air resistance has been well under 


tood for various types of wings, and also for solid bodies of 


uced 


ometrical shape.) To evaluate these forces, however, the re 


ts only have been analyzed—not the phenomena themselves. 
Measurement of the dynamic and static pressures in a given air 
what 
The use of threads, solid particles, such as smoke, 
as also been universal for determining the direction of 
ions of an air flow. 


has contmbuted somewhat to our knowledge of 


in the air. 
| riven 
ort Such methods, however, have barely 
scratehed the surface of the problem and have been of small value 


he aerodynamical analysis of the mathematicians. 


\ means of actually visualizing the air is therefore of greatest 


erest; and while its immediate application has been to the 
ecifie case of studying air flow past aerofoils, many other uses 
suggest themselves wherever air in motion constitutes an en 
\ilr Service, Engineering Department, McCook Field 
‘ostract of paper to be presented at the Spring Meeting, St. Louis 
May 24 to 27, 1920, of THE AMERICAN SOCIETY OF MECHANICAL ENGIN 
RS Advance copies of the complete paper may be obtained grat I 
lea tion All papers are subject to revision 


Physical Basis of Air-Propeller Desi 


E. 


on 


N. FALES, DAYTON, OHIO 
mineering or selentile Lactor, Thus, for instanee, the study ol 
meteorology involves a knowledge of the circulation of air eur 
rents on a larg scale over the earth’s surface: this knowledge, 
too, is imperfect because of the isibilitvy of the mediu ol 
cerned, and can be greatly improved by applheation of mi tor 
visualizatior Moreover, the flow of air in ventilation and other 
engineering processes is a question which may frequently requir 
analysis by a method of visualization 

It is thought that the general engineering profession will 
quickly deduce from the experiments recorded in this paper 


} commercial fields. 


principles which ean be of service in therr more 
Therefore it has been our aim to summarize the main features of 
these experiments without going too deeply into the te nical 


details nece ssarily of interest only to the aeronautical enginee 
The 


briefly summarized as follows: 


experiments have resulted in discoveries which may be 


The flow of air, whether in a duct or past an aerodynamic body, 


is subject to parasite energy losses connected with accidental 


whirls and eddies, and also to internal motion on account either of 


1 or Tip VortTex, CAMERA AXIS BEING COINCIDENT 
WitH VorRTEX AXIS 
e shape of the containing duct or the aeronautical body. Analy 


sis of these motions in the air ean be facilitated by visualizing 
them. ‘The writers’ method for producing visualization involves 


condensation of the moisture contained in the air. This moisture, 
when turned into visible vapor by suitable means, takes up shapes 
dependent upon the motion and pressure gradient of the air and 
justifies us in considering that the air itself is thus visible. (See 
1). 

When the air is made to flow past an aerodynamic body, special 
It 
has been shown in our experiments that when the speed changes, 
This 
alteration has been a source of much uncertainty to aeronautical 


Fig 
shapes of flow result and ean be visualized by our method. 
the characteristics of the internal motion in the air alter. 


engineers in the past; but the combination of visual study of 
these changes of air flow, together with quantitative analysis of 
the forees involved, has made it possible to throw much light 
on the underlying structure of the air as it applies to dynamic 
flight and propulsion. 

introduced small wooden wings 
studied 


ing to interpret the results for the pur 


In our experiments, then, we 
(aerofoils) the air current of the wind tunnel and 


their performance; inten 


into 


pose of prope ller design 


Winp-TUNNEL Apparatus Usep ror OBSERVING AEROFO!] 
COEFFICIENTS AND Alrn FLow 
The MeCook Field wind tunnel (Fig. 2) was designed by the 
writers tor advanced study oft aerotoil eoellicients ised in propel- 
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Pic. 2) McCook Frerp Wind TUNNEL, Generar EXTERNAL View 

lers. It ts a departure from thi accepted type of wind tunne lhe forces found in a wind tunnel apply to tull-sized machines, 

in two ways: first, it has a speed Ingher than elsewhere attained and wherever aeronautical design is carried on the wind tunnel 


for similar purposes—500 miles per hour at 200 hp.; seeond, it 
makes possible the visualization of aerodynamic phenomena. 

It seems wise to summarize brietly the general funetion of a 
wind tunnel, which is the laboratory apparatus of the aeronau- 
tical engineer. An airplane, when once in the air, is very dilli- 
cult to analyze; neither the pilot nor an observer on the ground 


s essential. Besides the MeCook Field wind tunnel there ar 
in America about a dozen others. In Europe there are many 
more, the British National Physical Laboratory employing seven. 
The largest in existence is‘ now being built at Paris, 13 ft. i 
diameter and of 1000 hp. capacity. The typical wind tunnel] has 


stream of air 15 to 50 sq. ft. in eross-sectional area, flowing 
is able to gage accurately the speed, angular attitude, nor the air 


forces acting. So far, no thoroughly accurate instruments for 
accomplishing full-flight analysis have been perfected. Projects 
have been proposed for attaching a full-sized airplane to a mov- 


at a velocity ot trom 30 to 90 miles per hour. 


THE QvuEsTION OF WiND-TUNNEL SPEED 


ing electric locomotive properly equipped to record aceurately The speed and size of a wind tunnel have a recognized import 
all the forces produced; but such a plan has drawbacks. It is nce in the interpretation of the results obtained. The usual 
found that the best, most accurate and cheapest way to analyze coeflicients of aeronautical engineering are determined by tests 
airplane characteristics is by means of the wind tunnel. This 0m a model aerofoil of from 3 to 6 in. chord at velocities of 45 
is a confined artificial blast of air which is made to blow against to 130 ft. per see. The data obtained must be applied in the full 
a model wing or airplane. The model is supported in the air scale of areas a hundredfold greater in the case of wings, and 


blast by a thin rod reaching into the wind tunnel from outside, to velocities ten times greater in the case of propellers. There 
where it connects -to a delicate scale. Thus all forces created may be a discrepancy between model and full-seale coefficients, 
on the model are transmitted to the seale where they can be and this is spoken of as “sealing effect. 


measured Scaling Effect. While sealing rules and empirical tactors 
It is found that the forees due to the air eurrent blowing worked out in practice have enabled us to produce very tat 
against fixed objects are the same as though the object were results, there is decided room for improvement. Indeed, so 


moved through still alr, provided the air eurrent 1s smooth and meager 18 the available intormatior on the cealing elect a 
without eddies. Elimination of eddies is therefore an important treated under the “law of dynamic similarity,’ that a growing 


requirement in a wind tunnel. tendeney has appeared among aeronautical engineers to regard 
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the classical coeflicients K, (coefficient of drag) and XK, (coeffi 1%, times the throat diameter, such as best to take steeped x 

eient of lift) as inadequate. rena contracta and insure best velocity distribution and parallel 
It has been almost universally the practice to write ism in the air flow (see chart, | 

L = 9 gKyA Throat. The throat 1s unusual short ter with 

D = ¢/gK AV’ resulting economy of power. The short throat and the location 

where L is the lift (vertical lifting foree), D the drag (resist of the model close to the intake are justifi a phic 


ance), A the area of the supporting surface, Vth 
velocity of advance, ¢ the density of the air 
weight units, g the acceleration due to gravity, ane 
ence (9/9) the density of the air. 


It is well known as the result of experience tl 


| 


the values of A, and A, vary somewhat w 
velocity and also with the size of the surface und 
consideration If 7 represents one of the line 


dimensions of the surface and v the coefficient 


nematie scositv, it is assumed, according to t 


law of dynamic similarity, that values of A, a 


A, are tunctions of Vi/y. Sinee v is usually co: 


sidered constant, it is customary to compare t 
produet V2 for experiments in a given medium. 
The wind tunnel designed by the writers p: 


mits the attainment of a VI product of 60 (1 
ft. per see., J in ft.). While this figure is twent 


es less than the corresponding full-sized wir 


ies, 1t 1s Only tour to eight times less than 
sized propeller values. 
As a matter of interest, tip speeds of some of thi 


propellers in actual use are given below: 


Airplane Engine M.p 


VEZ il ino-Suiz 150 } 
Is] i ’ 4 


Chasse Hispano-Suiza, 500 hp 
Curtiss JN-4 Curtiss OX-5 $21 Fic. McCook Winn TUNNEL, SHowine Oreratine 
DH-9 Rolls-Royce, 375 hp $330 
It would by idea] if a wind tunnel eould hye built large enough ehart ana are made Poss Loic DV the 
for testing prop llers and airplanes of full size and speed. Sueh usual “ honeveomb and bY prope intake-bell design 
apparatus would, of course, be enormous and of pro! ibitive cost. Barpanding Cone The cone leading from throat to fan has an 
We must therefore be content with wind tunnels whose V] prod angle of 7 deg. the maximum value established by Eiffel We 
ict is smaller than the full-flight value. In desienine a tunnel have found that in cones of larger divergence the air flow does 
not fill the cone. a space of whirling and eddying arr being left 
between the blast and the containing walls see Fig, 4), with 
= 
resultant loss of energy he principle mvolved is a 
tir surrounded by solid walls loses less energy by surtace [rietion 
/ than if surrounded by inert au 
Straighteners fo eliminate veloents fluctuations ovel 
= straightener is used—the conventional “ honeyeomb 
a eliminated. The straightener is placed 4 ft. down the cone and 
is four radial blades kk ted 0 el nflow 
vlirl by obstruc Lhe n OF the pressure ape Ar 
auxiliarv straightener (Fig. 5) with flat radial vanes 1s located 
Pic. 4 DIAGRAM SHowine Eppes Cone or Too Lance itside the intake; and together the two reduce velocity tluecua 
tions from 15 per cent to 3 per cent, without appreciable Power 
ve may have either large size and low speed, or vice versa. | Oss 
general a large wind tunnel requires a large, expensive hall, w 
a high speed tunnel requires high horse powel! POWER Py ANT AN kan Me ASUREMENTS 
Thus in the MeCook wind tunnel we have attained a velocit ; , tatie 
} Velocity 1s measured in terms of dyname head n stat 
equal to full-flight values, and the size of model is correspond : “ t? 4 
neo} ead. For measuring dynamic head there 1s at impar ibe 
ngly small. The results obtained, however, demonstrate greate: ae 
t the throat somewhat oll e center the tunr lor 
Significance than were the same V/ product obtained with a large: ' , Asc) 
> > 4] measuring static head a perforated plate is used, 
nodel and smaller velocity. By means of the high velocity, dis ; - lc 4 { 
wit the walis. A differential manometer records CLOCILY 
coveries of outstanding importance have been made, namely, thi to t { | 
head, the whole apparatus being analogous ne conventiona 
eans of visualizing {| 


light vortices, and the identification of rel 

ae pitot tube and Krell manometer. 

changes in these vortices with simultaneous changes in the aero 

lemperature of the air passing through the throat is caleu 

ol coetheients. | 

lated on the assumption that expansion ts adiabatic from atmos 
, pherie pressure to pressure corresponding to condensation, and 

DESCRIPTION OF THE McCook FieLp Winp TUNNEI! 


is polytropie below the latter pressure. Corre knowledge of 
The tunnel has the form of a venturi tube 182 ft. long, built throat temperature is, of course, essential, and it is necessary to 
of turned laminated wood. Its proportions and novel features develop a special method of themometry for reading it Present 
bave been the subject of exhaustive investigation and experi- methods are inapplicable to its direct measurement, for a ther- 
ments on seale models. mometer introduced into the air stream occasions more or less 
Intake Bell. Thus the intake bell has a radius of curvature of adiabatic compression of the air striking it, with consequent rise 


|. 
| 
} 
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of temperature at the point otf impact. (See chart, Fig. 6.) The 
most advantageous position for the thermometer is with the bulb 
down stream, where it is subject chiefly to skin friction rather 
than impact. 
ter. 


Further investigations are being made of the mat 


The balances are of two types. The first one measures lift 
and drag on two separate instantaneous reading Toledo seales 


Centiarad 


15 
© 
& 10 
5 
G@ CHART or THEORETICAL AND 
and 1s mounted upon a portable carriage (see Fig. 7). The 


spindle for the model projects horizontally and axially from this 
carriage into the mouth of the wind tunnel, carrying the model 
at its free end. The spindle terminates in a thin flat bar, the 
latter clamping a graduated disk whieh is rigid with the model 


at the center of the span. Three advautages of this type of 


balance are: (1) That instantaneous readings make it possible to 
synchronize balance and locity observations ind™ 
lo p actically eliminate the effeet of veloeity tue- 
tuations; (2) The air forees ¢an be qualitatively 
studied; as, for instance, in the case where «a given 
setup has two values of K, or Ky. The balance ean 
then be seen to change from one reading ¢ at 
other; (3) The method of support affords ohily 
accurate means of skin-friction observation 

The conventional supporting spindle, as adopted 
at the National Physical Laboratory, cannot be 


utilized under the conditions of these tests. In 
order to definitely delimit the effect of the support 
ing member, further developments are proposed 
where this effect will virtually be chminated from 
the tests. The effect of the center support on the 
lift coeflicient is not considered serious. This con- 
clusion is based on experiments run at other labo- 
ratories where the effect of the support las been de 
termined; also on a comparison of the present 
series of experiments with tests made elsewhere on 
larger model supported at the end, for the same 
Vl values. 


a 
The effect of the center support on 
drag, however, is known to be large; the air-tlow 
disturbance is visualized in Fig. 8, where it ap- 
pears as a white tuft above the support 

Power Plant. The power plant consists of a 
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minus the energy absorbed by the fan, all divided by the energy 
of the air stream at the throat. 

Careful study of fan and cone design results not only in 
reduced losses but also in reduced noise. The question of noise 
has in the past been a serious objection to speeds greater than 70 
miles per hour m wind tunnels. The roar of the fan is analogous 
to that of an airplane propeller, whieh usually makes more 
noise than does the unmutiled motor exhaust. For wind-tunnel 
ise the combination of fan and cone adopted has brought about 
a considerable improvement, as indicated in the following tabu 


lation: 


Fan i hoiseless at 
Starts rear at OO mop 
Conversation easy m.p.h 
From the operat position versation sligh 
forced at mp.) 
Possible 12 in. apart at. 240 mph 
Possil fin, apart at OOO mop 


Fan. The tan represents a very interesting union of airplane 
propeller principles and blower-design principles, combining the 
high pressure usually associated with centrifugal blowers with 
the high efficiency of the airplane propeller. While essentially 
a propeller tan of aeronautical design, its 16-in. pressure head 
is such as would ordinarily be evpected only from a centrifugal 
blower. 

This appheation of airplane-propeller principles to blower de- 
sign is significant to the ventilation engineer, who may by such 
means produce in wood, at comparatively small cost, blowi 
apparatus of lugh eflicieney, high horsepower, high head, and 


re duced Hose, 


ER TO ComMMERCIAL USst 


As a further illustration of the benefits to the ventilation engi 
eer of airplane-propeller principles, the following may be eited 


Sprague dynamometer, capable of delivering 200 


hp. for one-half hour at 250 volts and 1770 r.p.m. sham 
without overheating. The 5-ft. fan (Fie. 1s 


made with a solid-center disk 40 in. it 
24 blades 10 in. long. 


liameter, and = has 
At the upstream side of the 40-in. 
disk a bell of equal diameter is fixed in the tunnel so that the 
air is let up to the annular discharge opening with a minimum 
of eddies. The operating efficiency of the whole tunnel is 75 per 
cent higher than has been usual for tlhe determination of aero- 
foil coefficients in other wind tunnels. By efficiency is under- 
stood the ratio of kinetie energy of air stream at throat of tunnel, 


McCook WIND TUNNEL, BALANCES AND INTAKI 


It has been found possible, by impressing special properties, 
to extend the usefulness of one of our most common and universal 
devices—the electric cooling fan, In the ordinary eleetrie cooling 
fan referred to, the air flow is analogous to that of an airplane 
propeller rotating at a fixed point on the ground, and is shown in 
the sketch, Fig. 10-4. 

The blast converges as it leaves the blades, reaching a maxi 
mum velocity a short distance from the fan, and gradually dis 


— 
MEAs,, 
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pating its energy as the thow lines expand along a small-anghk 
blast the energy 1s 
Numerous experimenters have conceis 


cone. Thus, in such a eoncen 


narrow stream. 


of plaeing vanes in front of these tans to diffuse the 


make 1 spread outward, but no practical suecess as beer 
ecured, 
The problem is one of many minor ones whi e found 
eir solution as a side issue to the war activities the An 
Service. By judicious applieation of aerodynamic principles 


cooling fan has been di veloped which deliver a tan 


panding blast, whuile much 


moving as air as the older eonver 
tional type of fan. See sketch, Fig. 10-B. 
This fan directs its stream, not along a single axial line, but 
ong a sector embracing 90 or even 180 deg. The advantage 
ine obvious: 
First, the energy of the blast is rapidly dissipated over a large 
a, causing a large, gentle cireulation in place ota si |. violent 
Second, the blast spreads over an ar gle equal to tha ttaine 
the conventional oscillating type of fan, and accomplishes 
same beneficial results without the unpleasant feat asst 
ted with intermittent action. 
Third, such a fan can produce a truly conical blas whine 
fan-shaped expanding blast is only a special case; thus, the 
lvantage of large cross-sectional area is secured f1 small 
r| speed fan; and for purposes ol overhead or ceiling use su 
leviee 18 considerably cheaper than the econventiona speed 
rge-diameter ceiling fan. 
ourth, the device involves only simple, mexXpens) 
the conventional fan, may be readily applied t t. and 
auses no additional noise. 
Vist IZATION OF Fuicgutr VortTices by \\ \ 
| The method of visualizing air flow discovered by 1 ! 
ether with C. P. Grimes offers a solution of the tundamenta 
problems of aerodynamics. ‘This problem is the quantitati 
empirieal measurement of the phenomena ot thud mies as 
plied to flight and air flow. 
The accepted theory upon which flight has its p il asis 
purely rational. It has not yet been directly ap} 
rineering de sign, because empiri al measurement of thght ir 
es has never been made. Therefore, the aeronautical engineer's 


Fig. 


Tie Vortex, Hieu-Lirt Reems! 


ol 


nethod. 


aerodynamics is largely according to the eut-and-try 


He cannot, on the drafting board, depart from known 
hapes, speeds or sizes without first building a model and deter- 
mining the eoefficients applicable to his new design. 

To illustrate this point it is only necessary to refer to 
simplest case, that of an airplane wing. 


the 


We can measure the 
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cot ment ol lores i a small model otf this Wing to an accuracy 
of 1 per cent. But we do not know defimtely how the accuracy 
is changed by scaling up to full size, or to full speed. We 
cannot, without tests, prediet the change of coefficient to be 
expected when the ing shape is altered, or the angle of attack, 
or tne position wil relerence to other surtaces 

\erodynamical theory ill serve practical use when support | 
by empirical data In the past, fhelit rites ave never been 

— 


Fic. 9 Winn TUNNEL, FAN END 

! sured, nor ever isualized to a usable extent Analysis ot 
tlow has been ufined to the use of smoke or powder set 
in the air to indieate lines of flow; or of threads used as 
vind vanes. Or we have been driven to analogies derived mn 
study of fluids of different viscosities and densities, such as 
! () irther, we have sought by measurement of statie 
sures in the air surrounding a body to deduce the lines ot 
But these ethnods have give ll encourage ent the 

practical appli ‘ ot the vortex theo tu engineering use. 
e writers’ me d bids fai supply the nissing link 
een verodvnamical theory and design. It depends ipon 
I ( That the sture in the a condenses out as foe when 
Temperatl re reduced Tile cle provided there Is al 
solid or liquid nucleus to start the condensatio In the MeCook 


Field wind tunnel] the temperature drop is brought about through 


expansion of the air during acceleration due to 100 in. of wate 
suction. Relative imidity of the atmosphere ean be artifi ially 
raised if too low The necessary nucleus for condensation is 
pre ided by the mode] itself. 

Flight vortices become readily isible by thie writers’ method 
al ean be photographed with thie aid ol searehhelhts. Several 
efforts were made take the pictures with a plate camera but 
these were not ver wcessful. Finally a good moving picture 
was taken and some of the films enlarged. While these films 


showed up very well on the sereen the detail was not very clear 
ihghts 
lamps, two car- 
ol 


camera 


in enlargement, so that, in addition to the sear which 


were provided with nitrogen-filled incandescent 
bon are lights were set up in order to give a greater amount 
obtained 


blue light. The 
with the earbon-are lighting were fairly satisfactory, and a num- 


results trom the 


motion-picture 


of enlargements 


in t! 


from the motion-picture films are reproduced 


Fig. 1 is an enlargement of a moving-picture film 
the left half-span of a small 
tip vortex trailing downstream from the tip 


the 


is paper. 


looking downstream, an: shows 


model aerofoil, wit 


and edge vortex-sheet below model. The edge vortex-sheet 


is made up of vortices with axes parallel to the rear edge of 
the model; they build up and run off at such frequency as to 
appear continuous. 
To the naked eye the tip vortices 


It is somewhat inferior to visual observation. 
are in line with the wing tips 


| 
=, 
| 
| 
| 
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and are clean-cut, perfeet circles. They extend downstream a 
distance of several dozen chord lengths from the rear corner 
of each wing tip, enlarging in diameter as the distance increases, 
and converging slightly in the horizontal plane (see Fig. 11 
In the vertical plane the tip-vortex axis takes a decided downward 
angle, intermediate between the horizontal and the line of the 
flat shee ol edge vortices.’ 

At slow speeds condensation is not obtainable, but the vortex 
phenomena ean be corroborated by injecting a jet of visible 


steam into the air current. Such a jet, when of proper satura- 


tion, affords a better indieation of flow direction than does smoke 


Adequate analysis of the flight vortiees is now being made with 


stroboseom pparatus. The shape, size and direction of the 
/y 
AA 
A B 
AIR FLow rHrRovuGH TYPICAL ELECTRIC FAN 
Fic. 108 FLOW TROUGH MopIriep ELECTRIC FAN 


tip vortices can be easily noted and seem fairly susceptible ot 
measurement. The periodie run of the edge vortices is too quick 
for recognition by the naked eye, or even for identification by 
the moving picture camera, it requires stroboscopic analysis 

The observed vortices differ for different aerofoil setups and 


different speeds. For instance, the observed tip vortex at 18 deg 


Fic. 11 PLAN View or FLIGHT VorTICES 


has less than one-half the diameter manifest at 8 deg., while the 
line of edge vortices is less noticeable at 18 deg. 

Again, the character of the general vortex phenomenon under- 
goes remarkable change at the critical speed. In the high-lift 
régime the general shape is like a trough whose floor (edge 

i1For an excellent mathematical discussion of the shape and arrange 
ment of the tip vortices and the trailing vortices, see report No, 28 of the 
National Advisory Committee for Aeronautics (U. 8S.). Om page 44 the 
author, Dr. George de Bothézat, has shown in an interesting way that the 


axis of the tip vortices is intermediate between the direction of move- 
ment and the sheet of trailing edge vortices 
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ortex-sheet) slopes downward from the trailing edge, and whos« 
walls (tip vortices) are increasingly high as the distance down- 
stream inereases. The eross-section is roughly like a shallow U. 

At higher speeds, however, in the low-lift régime, the observed 
phenomenon is suddenly altered. Following out the above homely 


analogy, we may imagine that the “ walls” of the trough remain 


substantially as before. The “ floor,” however, splits longitudin 
ally, curls upward, and extends the two limbs, now free, to a 


point well above the level of the tip vortices. This is show: 


B 
hic. 12) or HiegH- AND Low-Lirr Vorrices 


enlargements ot 


two motion-pieture 


exposures which wer 


intended to record the sequence ot thie change. These pho 


graphs, however, were not altogether satisfactory, and are there 
12. 


hig. 12-4 is a diagram of the end view of the high-lift pheno 


i 
fore replaced by the two sketches of Fig 
enon as it appears distinctly to the naked eye. The right-hand 
side of the aerofoil in Fig. 8 approximates this condition, the 
left-hand side having already gone over to low-lift flow. Fig 
12-B is a diagram of the low-lift phenomenon; the left-hand sic 
of the aerofoil shows this fairly well, the right-hand side bei 
in transition stage. Fig. 11 is a three-fourths view of the low 
lift flow, and also represents other features mentioned above. 

An interesting variation of the flight vortices is furnished by 
Here 


‘stream-line” fog surtace, 


replacing the aerofoil by a flat disk normal to the wind. 
the phenomenon can be seen as a 
converging towards a point half a dozen diameters downstream. 

lig. 8 illustrates the distance above the aerofoil to which the 
flight-vortex phenomena may extend, and shows their tendency 
to merge with other whirls attributable to the wind-tunnel walls 
The extent of the phenomenon may be four or more chord 
lengths above the aerofoil; this further develops a discovery 
made by the writers in 1911, when it was shown experimentally 
that the air flow above a wing is disturbed to a distance of at 
least four chord lengths.’ 


VISUALIZATION OF UNOBSTRUCTED Air FLOW 


When the model is removed the vortices and eddies of flow 
through the unobstructed throat may be observed by looking into 
the intake or through the transparent shield of the observation 
section. The condensation is more pronounced behind the impact 
tube and thermometer bulb than elsewhere, since these are ob- 
stacles to the flow and therefore constitute nuclei for condensation. 
A projecting cotter pin yy in. high at the wall causes a perfect 
vortex, which shows up against the white, foggy background as 
a black ceirele. 

The general appearance of the air flow, which may be con- 
sidered typical of all air flow, is as follows: A cross-section at 
the throat shows a seething mass of fog specters, denser at the 

See The Center of Pressure Travel on Airplane Surfaces and Birds 
Wings, Mass. Inst. of Technology, 1911. Reference may also be made in 


this connection to the work of J. R. Pannell, dealing with experiment! 
evidence as to the extent of circulation about an aerofoil. 


| stro 

| 
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at 
vall than a he eenter, thougn occasionally the entire dis] fills dvnamic phenomena result » from ail ow asst » solid ional 
ip with tog to the point of opaqueness. The specters have in When the speed of air flowing past an aerofoil ine 
he cross-sectional plane a gentle movement like the flame of an is first a regime of relatively low-lift effect, then at higher speeds 
alcohol stove, showing the constant readjustment of equi brium an efheient lit effeet such as apphes in flight, then at st rner 
Vortiees and § shap d whirls continually form and, atter moving peeds a drop back to a second low-lift effect. As the angle of 
ose themselves in the general confusion. In a diagonal camber increases, the high-lift régime becomes discontinuous and 
they take the appearance ol long, logey Hbers, retehing s suceeeded by the low-lift réei ( ans 
down the tunnel like wooden moldings. The axe rl. ot in conventional yraphs as the critical. ate 
course, are longitudina Under proper humidity and lightin e “burble point.” 
nditions the whole becomes a beautiful iridescent sieht. violé All of the section ow, at certai i ye 
nd p rpl hues predominating. | instable and scontinuous \t the point 
Lift Coeff ents. Coetheients of jloree and esistan mtinuit occurring at the lowe) need, inereass of 
ive been determined for a series of model aerofoils 6 in. lone. an caneaial lift coefficient and a decreased drag coet 
ne U ord length, camber varying trom V.05 to 0.20 Phe hat the lift-drag ratio (L/D s enorme ncreased At the 
tional shape is that upon which the Engineering Divisic wint of discont eu er speed, increase o 
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Fie. 138 CHART or Lirt COEFFICIENTS OF 0.12 CAMBER AEROFOT 


standardized for propeller use. A chart of litt coetlicients speed shows a decreased lift coeflicent and an increased drag 
for one of these aerofoils (0.12 camber) is presented, and show- coetlicient, so that the lift-drag ratio is enormously decreased. 
variation of lift coetlicient over the entire range of speeds Thus these sections have a definite speed range, at each angle, 

d angles tested. See Fig. 13. within which the flow is efficient and produces a high lift-drag 


The outstanding conelusion to be drawn from the tests is that ratio, and a fairly constant lift coefficient. It may be called the 
e have more than one régime of air flow to deal with in aerofoil régime of high L/D, and includes the phenomena appertaining to 


tudy, and that these régimes are separated by conditions of dis practical flight. This speed range has been definitely measured 

continuity. The characteristics usually associated in aeronautical for the higher angles, but apparently it goes beyond the speed 
gineering with a practical aerofoil do not apply outside the obtainable in the tunnel for the lower angles. 

small range of cambers, speeds and angles utilized in flight. It will be noted that the K, curves are drawn discontinuous to 

Beyond this range the flow about the aerofoil no longer pro- correspond with discontinuity in the type of air flow. In some 


duces the familiar results in terms of lift and drag but becomes cases the graphs show a third curve intermediate between the 
inalogous to the flow about a body of irregular shape. Efficient high-régime curve and the low-régime curve. This third inter- 


[t of an aerofoil is only a single ease of several distinct aero- (Continued on page 260) 
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In this paper the author describes a method which he has devised 

4 for the simplification of the calculations involved in the venturi- 
meter measurement of the flow of compressed air, and which reduces 

the work of one determination to a simple slide-rule computation 

requiring but a few settings. The method, which is described in 

considerable detail, is based on the venturi-meter formula as given 
by Herbert B. Reynolds in Trans. Am. Soc. M. E., Vol. 38, p. 799, 
and can be easily applied to any venturi meter used for the measure- 


ment of a gas. 


“ URING the winters of 1918 and 1919 the writer had 


‘ occasion to measure with considerable accuracy the 
amount of compressed air used in connection with some 
research work which was being carried on at the University of 
Wisconsin. The venturi meter presented itself as the logical 
method, but aside from the mechanical difficulties of building 

iS manometers to satisfactorily stand pressures of more than 100 lb. 
the difficulties presented by the 


per sq. in ealeulations where 


several hundred volume determinations would have to be made 


Simplification of Venturi-Meter Calculations 


By GLENN B. WARREN,' SCHENECTADY, N. Y. 


The venturi-meter formula is given by Dr. Lucke as follows: 


weight of vapor or gas passing per second 


where W 
coetticient 
A, = area of entrance 
A, = area of throat. 
The units in which W is expressed are dependent, of course, upon 
the units used in all the other quantities of the formula. 
Herbert B. Reynolds in Trans. Am. Soc. M. E. for 1916, p 
799, gives the following formula, which can be derived from 
Equation [1] by the substitution of the proper units: 


Q n l’,\! 
P, te | 


Vo 
a vhere a cu. ft. per min. at 32 deg. fabr. an 
4500 0.18 14.7 lb. per sq. in. 
a ( coefficient (experimentally dete: 
4 in A, = area of entrance, sq. ft. 
‘ a a 3 A, = area of throat, sq. ft. 
3500 0.14 I's absolute temperature of standar 
air 192 deg. fahr. 
3000 012 | = absolute pressure of standard ai 
‘ in 14.7 lb. per sq. in. 
| constant = Cp Ce | 1.402 for a 
2500 0 G specific gravity of gas (= 1.0 tor 
‘ air) 
2000 9.08 Fr pressure of air at entrance, |b. yx 
Sq. In. absolute 
P pressure of air at throat, lb. per 
i500 006 sq. in. absolute 
| temperature of air at entrance, deg 
1000 0.04 fahr. absolute. 
3514 = constant determined by above 
of units 
| | AP=P.-P>| Lb per Sq In Che Sibley Journal of Engineering (vol. 29, py 
. I | 2 3 4 5 6 > 5 3 90-95) presents this formula in still anothe: 
0 0 O91 092 0935. 094 095 096 097 09 099 1 form, which has been derived by means of th 
Po a Fourier series and is in better shape for calcula 
(>) tion, where the ratio (P,/P,) is very nearly unity 
; Fic. 1 FLow Curves For 1.6-1N. & 0.498-IN. VENTURI METER = other words, for low rates of flow. This 
formula is: 
were of considerable importance. Accordingly, a method of W = o4,( tea’ 1 (. 
shortening the caleulations was devised which reduced the entire of 
work of one determination to a simple slide-rule computation, re- (: _ aja ) 13 
quiring but a few settings, and which at the same time did not 2n{1 a ; 
affect the accuracy to any appreciable extent. Although the method where V, = volume under standard conditions = 12.38 eu. ft. jx 
of shortening these computations may seem somewhat laborious |b. for air; a = (A,/A,)*; and c = AP/P,, where AP = P, — P,: 
in itself, when it is remembered that with but a few changes it the other symbols being the same as before. 
ean be applied to any venturi meter used for the measurement Any one of these three formule presents a rather difficult com 
of a gas, the result can be seen to have abundantly justified the putation as far as solution is concerned, this being especially the 
means. case in formule [1] and [2] because of the last radical. The iog 
log slide rule enables the solution to be made quite readily, ex 
For presentation at the Spring Meeting, St. Louis, May 24 to 27, 1920, cepting for values of P,/P, greater than 0.98, after which it is 
AMERICAN SocieTY OF MECHANICAL ENGINEERS. All papers are  noeessary to resort to very complete logarithmic tables, or else to 
‘ 125 North Ferry Street. the third formula. 
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of A, and A, which would give a venturi meter having t 
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Metruop Usep To SIMPLIFY COMPUTATIONS 


rhe first step in the process of reducing these formulwe to forms 
vhich could easily be handled consisted in determinine the values 
desired 
range of capacity without making the difference between P. and 
P, either too great or too small for easy and accurate reading. 
In this series of tests it was necessary to have at 


from 25 to 250 cu. ft. of free air per min. at a pressure in the 


ange ot capacit 


venturi tube of about 100 Ib. per sq. in. gage. Inasmuch as the 
flow 1s nearly proportior al to the square root of the pressure 
1.10 
| 
s 
| | 
x Ay 
| Ti 
| | . } 
} 
| | 
| 
| 
| | 
| 
Rate of Flow. Cu Ft FreesAir Minute 


Fic. 2) CALIBRATION CURVE FOR 1.6-1N O.40S-IN. VENTURI METER 


ference, as can be seen from formula [3], a range of possible 
rates of flow of 10 to 1 means a range of readable pressure differ 
nees of nearly 100 to 1 in magnitude. This necessitated the com 
ation of a mereury and a water manometer, which will be 
eseribed later. 
It was found by a trial and error method that a venturi meter 
ing an entrance diameter of 1.6 in. and a throat diameter oft 
5 in. would answer the requirements. As actually constructed, 
throat diameter was found to be 0.498 in. This gave a ratio 
{./A, nearly equal to 0.10. 
pon substituting these numerical values for A,, A,, I's, n, and 


G in formula [2], there is obtained the following expressior 


\ P. ‘ 
| 


lt can be seen that the part in brackets is independent of every 
hing but the ratio P,,/P,; in other words, it is a function of this 
tio. Then if we let 


] 0.01 


plot a eurve of f(P,/P,) as ordinates against values of 
P,, it follows that the finding of Q will merely amount to 
uultiplying several known quantities on the slide rule, since 
‘(P,/P.) ean be found from the curve, thus: 
297.6P, P. 
( f 
Vi, 
In practice it is the quantity P, — P, = P which is measured 
»y the manometers, and the most accurate method of finding P,/P, 
from this is as follows: 


P, AP 
P, 


| 


It can easily be seen that this last expression can be evaluated 
much more accurately on the slide rule than can the second 
The values of f(P,/P,) for values of P,/P, from 1.00 to 0.90 


are given in Table 1 and are shown plotted out in the form of 
a curve in Fig. 1. The values of f(P,/P,) for values of P,/P 
between 0.98 and 1.00 were found by evaluating the last two 
parentheses in formula [3 It is rarely advisable to use a ga 
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venturi meter at values of P,/P, less than 0.90, inasmuch as the 
total drop in pressure across the meter becomes too great, and 
also because the reserve or ove rload capacity of the meter is SO 
greatly restricted. This set of values is worked out for a ratio of 
A,/A, = 0.10, but the effect of a slight change in this ratio upon 
the values of f(P,/P,) is so slight that these values may be used 
for meters having a ratio differing considerably from 0.10. How 
ever, a set of values can be worked out for a tube having a ratio 
other than this. 

The family of curves shown in Fig. 1 was worked out to facili 
tate rapid slide-rule calculation of the flow during a test. In 
order to plot these, the temperature in formula [6] was trans 
posed to the left-hand member, thus: 


and curves for numerous values of P, plotted against values of 


(Continued on page 260) 
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Tight-Fitting Threads for Bolts and Nuts 


By CHESTER B. LORD, ST. LOUIS, MO. 


{Ithough in general the thread forms now in use are quite satis- 
factory, perfection has by no means been reac hed. There is still con- 
siderable search for what the author of the following paper terms ~ a 
thread that will not loosen,” and in the preliminary portion of his 
paper he discusses the fundamental principles involved in the manu 
facture of threads. The problem to be solved, he states, is as follows: 
“Without sacrifice of strength, without increase of rejection, without 
additional manufacturing costs, find a method whereby a male and 
female thread of the same lead and pitch diameter may be made 
after repeated loosenings to fit tight without the aid of a locking 
device.” The reasons for departing from accepted practice ars 
presented and discussed, and as a result of experimental work, the 
author draws the following conclusions: (1) The cause of stripped 
threads is lack of room into which the metal can flow; (2) the pitch 
diameter should be the same in both threads; (3) The lead should be 
the same; (4) The thread angle should differ by not more than 10 
deg.: (5) The limits for the inside diameter of nut need not be ad- 
hered to closely, as the inner part of the nut thread holds very little, 
if any; (6) The outside diameter of plug and pitch diameter of both 


plug and nut are important and should be adhered to fairly closely. 


HAT is the cause of our periodie dissatisfaction wit! 
threads when in general they are so satisfactory? What 
other machine element is so easily made or is so satis 
factory as regards strength? Why are there so many d.iferent 
kinds of threads when all are equally satisfactory, or rather 
unsatisfactory? Furthermore, is the dissatisfaction founded on 
performance or merely upon theory? Also, is the form or angle 
of thread a matter of importance, or merely an excuse for mathe 


matical gymnasties? The only answer the writer has been abl 
to elicit in reply to these various questions is that we are looking 
for a better thread; which statement, however, is rather indefinit« 


and usually simply means 


thread that will pass the gage. Ot 
course, the real object of the seareh has been to find a thread 
that will not loosen. 

In the past we have attributed our troubles to the fact that 
our fits were not close enough—the engineer’s alibi for a poor 
design, but fundamentals cannot be violated in mechanics any 
more than elsewhere in nature, and we are attempting to violate 
two by insisting upon our present methods of inspection: (a) 
that interchangeable manufacture is a matter of percentage, 
whieh depends upon tolerance and cost; and (b) that a foree fit 
is not possible between two parts the surfaces of which are com 
plements one of the other. 

Having in mind the first fundamental, it is obvious that the 
chances of securing a perfect fit are limited by the cost, and the 
second fundamental would seem to render this entirely hopeless. 
[t is therefore proper to conclude that a good fit is usually due 
to error, and that if changing both male and female threads 
produces no relative change, changing one thread must of neces- 
sity do so. It is the object of this paper to demonstrate that by 
making this latter change threads can be produced that are inter- 
changeable practically regardless of tolerance, that will not 
loosen, and are cheap to manufacture. n 

A physician always diagnoses a case before prescribing, so let 
us do likewise. The loosening of a thread fit is caused by vibra- 
tion or repeated shock, the chief result of which is to flatten and 
burnish the parts of the thread that are in contact. This pro- 
duces a slight looseness and the nut tends to follow the thread 
incline until it again fits. The same performance is repeated 
until finally the nut reaches an obstacle too large to flatten, or 
else the bolt and nut vibrate in unison and there is no further 


*Consulting Mechanical Engineer, Research Engineering Co., Mem 
Am.Soc.M.E. 

Abstract of a paper to be presented at the Spring Meeting, St. Louis, 
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a bolt screwe d 


relative movement. This same phenomenon occurs 1n the cast 
a tapped hole. 


The writer can remember in lis shop days picking out ar 


numbering nuts and bolts, and every meechanie knows that lhe 


cannot take the bolts out of a cylinder head on an engine o 
make and put then back again indiseriminately. hey 

ist go back into the holes trom whenee thev came All have 
lemonstrated to their satistaction the tact that a tight thread 
vill not loosen by vibration, and that one with tolerance will, 
inless it is prevented from ] 


loosening by a lock washer or its 


action 1s limited by ome type of nut lo¢ k We cannot lessen out 


tolerance becaust » Wears sinall and the die wears 
and the lesser cannot contain the greate 
THE ProsptemM To Be SOLVE! 
rain a hettey eones ntior of the problem Lo be lved, 
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l'ics. 1-3 APPLICATION OF PRESSURE IN THR*AD Fits 


fit between the two pieces because one surface is the complement 
of the other. If we apply a force to A, we are no better off 
because the pieces cease to fit the instant the pressure is released. 
We may therefore state as a rule that where two surfaces are 
complementary to one another a tight fit cannot result without 
some means of maintaining pressure. But if we eut the board as 
shown in Fig. 2, theoretically removing no material, we can 
replace A without force, and any pressure exerted will not mak« 
a tight fit unless we distort A or drive a wedge at C. Thi 
analogous to a perfect thread, and driving the wedge at C is 
equivalent to introducing a slight difference in lead. If, now, w: 
cut off the ends of A as shown in Fig. 3, and apply a force in 
the direction shown, we can obtain a forced fit because only th: 
angles are complements and because we have a method of main- 
taining pressure. We can also even distort A because we hav 
room for it to expand. We have only then to provide for three 
things: a method of making the parts in contact absolutely com- 
plementary ; the introduetion of sufficient metal; and a method o! 
maintaining pressure. With our present type of thread we can 
only meet one of these—namely, that of partly maintaining 
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pressure. This is demonstrated in Fig. 4, which shows in an S. thread, because we have filled out the se cag vie seagate 
exaggerated manner the effect of off lead. anee as well as that of the male. We will also have 
While two shehtly varving leads make a better | ly yressure on all flanks; the maximum possible material 
regards raging and aet lal ie, this practice is hot to be con nite line; a hard, sin oth irface analogo is to ass irdened 
ended Using a different lead to secure a fit 1s doing imper me; a fit that will remain snug despite repeated removals an 
ectly on one side of the thread what the different-angle method may be screwer r Oy ordinary ! 
does perfectly 6n both sides, because by having the leads identical etain an iInterenanveani t and —e S ; 
id the thread supported on both sides, we secure a uniform rds Phe 1 
nish instead « 1 distortior Where the leads are different, the ) is simp erve iS ine 1 
mount of distortion necessary to secure a fit increases ‘ The writer has stated pre VUS a 
read. Thus, if the lead of a 20-thread stud is 0.05 chine W a 
ake it 0.052 in., it will be 0.002 in. off center . dq the qu : : 
read and 0.018 in. on the tenth thread. This 1s entirely possi ra pe . ur that described woul ot be al 
and superior to a so-called perfect thread as regards fit, but ective Mm ne ( peratior r comme! 
rtion, unmechanical, and unnecessary. this would be the ¢ em fit 
| 
‘ 


Fic. 4 Tur Errrver or Leap (GREATLY EXAGGERATED 


(lus is what 1s done with railroad fish-plate bolts where the 
neations state the minimum foot-pounds at whieh the nu 
bolt may be assembled. The impossibility ol meeting these 
urements in quantity produetion is recognized by purchasing 
agents and most engineers, and so the lead is slightly changed. 
iowever, is merely a subterfuge and really deteats the 
irpose ol the Specifications 1n that it permits of a pooret and 
veaker thread than would otherwise be possible. 
We are thus confronted with this problem: Without saerifice 
strength, without increase of rejection, without additional 
anutacturing costs, find a method whereby a male and femal 
thread of the same lead and pitch diameter may be made after 
epeated loosenings to fit tight without the aid of a locking 
evice. This, according to specifications, calls for a full thread 

contact points, pressure applied continuously on all flanks, and 
uaximum strength at the pitch line. This means the addition of 
surplus metal to the male (which is the only one affected) 
sufficient to fill out the female threads, which would be an 
impossibility were it not for the ductility and elasticity of steel. 
[f we add this surplus metal we will find that we can more than 
fulfill the required conditions by changing the angle of the male 
thread to a lesser one than that of the female, having the two 
intersect on the pitch line. 

When a male thread of this type and a standard mate are 

serewed together, we will have transformed a male of lesser 
angle to one of larger angle or of wider base than the standard 


Fic. 5 DirrERENT-ANGLE THREADS (GREATLY EXAGGERATED) 


would greatly reduce the cost due to rejections. We would, of 
course, still have variable nuts and the necessity of sizing them. 


REASONS FOR DEPARTING FROM ACCEPTED PRACTICE 


Let us now see what authority and precedent we have fer 
making so radical a departure from accepted practice. To do 
so, let us consider how threads are made, especially by rolling. 
Generally speaking, thread rolling is cireular knurling, knurling 
heing that process whereby the diameter of a part is mereased 
at certain points by a corresponding reduction of diameter at 
other points, due to pressure alone. It is applicable to both 
flat and round surfaces, but for the purpose of this article we 
will consider only round surfaces. 

In turning screws and bolts to size the diameter is held, gen- 
erally speaking, to the piteh diameter. The displacement of 
metal from the root and lower flank forms the addendum under 
the process. Cutting a thread on a bolt with a die is a som 
what analogous operation, the similarity increasing as the die 
becomes duller. For a die-cut 1-in. bolt it will generally be 
found that with a diameter of 0.990 in. a fuller thread may be 
secured than with one of 1.000 in., the explanation being that 
with the die we secure a combined ¢eutting and rolling operation. 
Due to lack of clearance, if the diameter is too large, part of th 
metal is pressed into the bottom of the die and with such force 
that it drags and is torn off, thus leaving a thread of smaller 
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outside diameter than would have been otherwise secured. This 
same phenomenon occurs when a nut is too tight. 

[f we require a holding fit on a shaft, do we use tolerances that 
allow of the shaft being several thousandths smaller than the hole 
it is to fit? (uite the coritrary. We not only specily the fit but 
also the minimum pressure allowable to assemble the two parts, 
and we do this both for single units and for quantity production. 
We might term a. shaft and rotor spider a nut and bolt with 
microscopic threads and assembled with a right-angled instead of 
a helical motion. Why not fit our bolts the same way, making 
our tolerances plus instead of minus and using a foree fit we can 
depend upon when it means no change in the tools for assembly? 

[f we look at a finished commercial thread through a micro 
scope, it will be seen that the edge is serrated and that slivers 
stand up all over its surface. By running a nut over it once we 
but slightly change its appearance, but by repeatedly doing so 
always using a tight nut—we may finally burnish the thread so 
that it will not thereafter change its size and will have a surface 
somewhat comparable to a case-hardened one. 

Fig. 5 shows diagrammatically the different-angle thread with 
the angles of the male greatly exaggerated to demonstrate the 
principle. We are complying in this case with all the conditions 
we have just been discussing: We are making the lesser contain 
the greater, angularly speaking; we are applying force from 
both directions, at right angles to the axis ot the bolt: we have 
made the angles complementary—not merely two equal angles: 
we are securing the maximum strength at and near the pitch line, 
and transforming a thread with a lesser angle than that of the 
standard male to one with a larger angle, thus filling out the 
space perfectly and so doing away largely with vibration; and 
we are securing, whether under pressure or not, eontact on all 
flanks, whereas the standard thread when under pressure secures 
contact on possibly one-half the flanks, both because it is eom- 
pressible and beeause it does not fill the female thread. The 
only problem to be solved, therefore, was to find an angle of sueli 
slope that it could be formed without distortion of the nut on 
requiring too much force to serew home. To demonstrate this. 
threads as small as No. 10-32 were used, and as being of possible 
interest, the writer presents a brief outline of the engineers’ 


report of the experimental work. 


RESULTS OF EXPERIMENTAL 


Diagrams of the different threads were first laid out on 


al 
100 to 1 seale so as to determine approximately the most suitable 
angles to be tested; the Lowenherz thread with an angle of 53 
deg. 8 min. being used as a basis. The nut was to have the reeu 
lar Lowenherz thread with same diameter and pitch as in the 
155-mm. shell adapter used by the U. 8S. Government. 

Threads of 44 deg. and 45 deg. for the plugs seemed most 
tavorable and aecordingly the following cold-rolled-steel plugs 
vere made up, with nuts having the same pitch diameter and lead 
as the plugs but a thread angle of 53 deg. 8 min.: 

1 Angle of thread 44 deg. 54 min., pitch diam. O.ST48, lead O.O7S7 
2 Angle of thread 45 deg. 2 min., pitch diam. 0.8748, lead 0.0787 
3 Angle of thread 44 deg. O min., pitch diam. 0.8748, lead 0.0787 

Test No. 1. Nut No. 1 and plug with thread angle of 44 deg. 
o+ min. were screwed together without a lubricant. They were 
started about a half a thread by hand, and then an 8-in. wrench 
was used for about four threads. The plug was then so tight in 
that a 10-in, wrench was required to turn it to full depth. After 
a couple of backward turns the plug stuck so tight that a 20-in. 
wrench would not move it. The nut was then sawed open and 
removed from the plug and about one-third of a thread of the 
plug was taken off in a piece of the nut. A magnifying glass 
showed that the threads in both plug and nut were drawn and 
cut out of shape where there was a tendency for them to overlap, 
due apparently to too much metal and no lubricant. 

Test No. 2. Nut No. 2 and plug with thread angle of 45 deg. 2 
min, were serewed together with a lubricant. They were started 
by hand for about one-half turn, then an 8-in. wrench was used 
for five or six threads, and a 10-in. wrench for the remainder. 
The plug came out slightly easier than going in. After this had 


heen repeated three times the plug could be serewed by hand. 
The maximum and minimum plug gage for the nut showed no 
change in the thread of the nut. Under a magnifying glass it 
was seen that the metal had flowed to the top of the plug thread 
from about the piteh diameter outward. The plugs were serewed 
into the nuts fifty times and there was still what could be termed 
a “snug fit.” 

Test No. 7. Plugs were tried out with commercial 1-in, nuts 
The thread angle of the plugs was 58 deg., and the pitch diame 
ter 0.9228 in., with one plug this diameter plus 0.001 in., and one 
minus 0.001 in. ‘This diameter allowed the plug thread in the 
layout to overlap the entire thread of the nut instead of only 
alf, as in the previous eases. The nuts used were picked out o! 
stock for size with a standard 1-in. thread gage. The smallest 
plug went into the nut easily by hand. The largest two went 
together easily with an 8-in. wrench. After being twice screwed 
together with the wrench they went together with a snug fit by 
hand. The magnifying glass showed that the thread from near 
the pitch diameter outward had been drawn and compressed 
slightly. 

Test No. 9. Plugs of 4-in. diameter with pitch diameters of 
0.4684 in. and 0.4699 in. (same as 35 8. A. EF. nuts) and a thread 
angle of 50 deg. were tried with commercial Y2-in, 5. A. E. nuts 
The difference in the two pitch diameters made practically no 
difference in the fits, as they both readily went in with an 8-i 
wrench. After they had been serewed together four times, they 
would go together by liand, but without shake. After they had 
been serewed together 75 times there was still what could be 
termed a “snue fit.” 

Test No. 10. An attempt was made to compare the strength of 
an S. A. E. standard 15-in. thread with a 50-deg. thread of th 
same size. The plug with the standard thread on one end and 
the special thread on the other end was used with standard nuts. 
A pull of 14,000 lb. was gradually applied and the metal began 
to give way, which prevented an additional load. During this 
pull, observations were made to determine if there was any 
‘give’ in either of the threads, but both remained the sam 
throughout. The nuts were removed and there was no apparent 
distortion of the threads. 

Test No. 12. In this test 44-20 plugs with pitch diameters ot 
0.2165 in. and U.2181 in. with 50-deg. angle were tried out with 
V4-in. U. S. standard nuts, one being a commercial nut and the 
other of a standard size but made in our toolroom—the tap being 
0.250 in. in diameter. Both nuts were tried with a ¥4-in. stand 
ard plug gage, both being apparently the same size. The 
nut made in the toolroom was serewed on the maximum plug 
and went on about one and a half times its length and then 
stuck and would not go either way. It was finally removed by 
hammering it on the sides. The threads were rolled and torn 
from about the pitch diameter outward, but there was not that 
tendency for the metal to roll upon the outside of the thread as 
in the previous tests, the outside diameter being only 0.251 in. as 
against its original 0.250 in. 

The commercial nut went on the minimum plug with an 
extremely tight fit, but it came off very readily with the wrench 
and left quite a different thread from the previous one. The 
thread was not torn at all but rolled out to almost a perfect V- 
thread with outside diameters of 0.2555 in. as against the orig- 
inal 0.250 in. The outside diameter of the tap for the commer- 
cial nut must have been over 0.250 in. to allow this metal to flow 
out to 0.2555 in. and not jam the nut. If the toolroom tap had 
been sharper on the flats or its outside diameter greater, there 
would have been room for the metal in the test plug to flow out 
to a larger diameter and avoid tearing the thread, and consequent 
jamming of the nut. Two facets are clearly demonstrated: first, 
necessity of room for metal to flow; second, one of the limitations 
of the thread gage. 

Test No. 13. Plugs corresponding to standard 10-32 with 50- 
deg. angle were tried out with standard 10-32 nuts: piteh diam- 
eters 0.170 in. and 0.1716 in. They were a little too tight a fit to 
go together by hand, but after being screwed together once with 
a wrench they went together by hand snugly. 
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Pulverized Coal in Metallurgical Furnaces at High Altitudes 


By OTIS L. McINTYRE,' NEW YORK, N. ¥ 


The following paper describes experiments with pulverized coal mill, the product being stored in barrels until a sufficient quanuty 
which led to the installation of apparatus for its use in the blast fur- had been pulverized to run a test. An average sereen test ol 
naces, reverberatories, and sintering machines of the Cerro de Pasco this pulverized coal was about as follows: 

Copper Corporation at La Fundicion, Peru. Information is given of + 60 mesh 8.00 per cent 
the method of determining the firing performance of pulverized coal; +100 mest 8.00 per cent 
the behavior of the various mixtures; experiences with different air 200 mesh 14.00 per cent 
pressures; and the effects of ash. The experiments were conducted 200 mesh 70.00 per cent 
at an elevation of 14,000 ft. and this fact greatly adds to the value of The equipment used in the test is shown by Fig, 1-A and co 
the data presented, for heretofore but little attention has been paid sate of eoal hopper, a 3-in. feed serew driven by variable-speed 
to the effects of altitude upon the burning of pulverized coal. motor, and a No. 2 Sturtevant blower supplying the air. The 
burner was a standard 6-in. pipe projecting about 12 in. into the 
Hkt Cerro de Pasco Copper Corporation at La Fundicion, furnace, which was approximately 4 ft. by 4 ft. by 16 ft. and 
Peru, uses about 65,000 tons of coke per year, of whic! constructed of firebrick. A number of tests were run with fl 
about 85 per cent is local coke made at the smelter, and ea lipment and though no pyrometric measurements were | iker 
15 per cent is imported. This latter is very expensive, and ot observation of the furnace showed the results to be satistactor 
course both classes of coke enter largely into the smelting costs; The tests were first made with pure pulverized coal, and ther 
consequently, about two years ago it was decided to determin with mixtures of coal and eoke breeze, varying from 10 to 35 
what eould be done in the way of using pulveri ed eoal in the per cent ol coke breeze, which gave practically the same result 
as the pure coal. The layout was then changed, Fig. 1-B, to test 
re, the practicability of using more than one burner with a single 
Stock feeder. This test was run with the 4-in. return pipe both ope 
and closed, the results indicating that satisfactory operation 
could be obtained by either method with a properly proportioned 
pipe system. 
Furnace v™ The next test made was in the sintering of fine ores ona 


standard Dwight-Lloyd sintering machine. These machines ar 
oil-fired, and if coal could be substituted it would show a con 
siderable saving. The equipment used in this test was the same 
as was shown in Fig. 1, except that a 1l-in. serew feeder, a 
smaller fan, and a 2-in. pipe burner were used. This test pro 


dueed a satisfactory sinter, though some trouble was encountered 


“~~... Coal Hopper 


Gerte i@/ve 
Pic. Layours or EquipMEentT Usep IN FurNAcE Tests or Put Mic, Layout Usep to Trst FEASIBILITY OF CONVEYING PULvER 
VERIZED Coal izED CoAL UNpber Direcr Atr PRessuri 

various departments of the smelter. The preliminary work con in the primary ignition of the coal, and the standard oil muffle 
sisted in determining the general combustibility of the local coals proved to be too small. 
in pulverized form. These coals are obtained from two mines The next experiment was to test the feasibility of conveying 
operated by the company and have the following general analysis: pulverized coal under direct air pressure. The layout used is 

‘ snown in Fig. Pulverized coal was placed in the pressur' 

Ash Volatile Material Fixed Carbon 


} 


tank and air at 20 to 25 lb. was then admitted through the 
$4-in. pipe at the top of the tank. The 4-in. valve at the bottom 
his coal was dried by hand on steam hot pans to less than was then opened and the 


26.8 10.05 33.15 


coal passed through the 4-in. piping 


1 per cent moisture, and then ground in a 4-in. by 4-in. Marey system to the coal hopper. In this way 4000 lb. of coal was 
transported in 14% to 2 min. The loss through the vent pipe 
lor presentation at the Spring Meeting, St. Louis, May 24 to 27, 1920, vanied from 100 to 200 lb. This can be taken care of bv using 
of THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS All papers are 1. ! 
subject to revision dust collectors on the hopper, or an exhaust system which would 
Mech, Supt., Cerro de Pasco Copper Corpn. Mem.Am.Soc.M.E return this waste coal to the main hoppt 2 
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The toregoing tests showing up so well, it was decided to ereet 
a larger experimental pulverizing plant. There were available for 
this purpose one set of 18-in. by 36-in. rolls, one 4-ft. by 4-ft. 
Marey mill and two 6-ft. by 4-ft. Allis-Chalmers ball granu 
lators. The drier consisted of five passes of 16-in, by 12-ft. serew 
conveyor, mounted in a brick housing on top of the reverberatory 
flue, and through which part ol the thue gases were by passed. 
Che layout in plan is shown in Fig. 3. 

After completing this plant it was decided to make the first 
experiment on the blast furnaces, so No. 5 blast furnace was 
elected tor the purpose and was equipped on one side only. 
as shown by Fig. 4. The coal was ground at the experimental! 
plant and transferred to the No. 5 furnace in a hopper ea: 
being weighed in transit. A number of tests varying from 8 t 
12 hr. were run with this equipment. The furnace air pressure 
averaged 34 oz., and auxiliary air for injecting coal about 22 Ib. 


The coke eharge was reduced first 25 per cent, and then 50 per 


luk 


ENGINEERING (m.Soc. M. } 


shifters. By using dust-proof bearings and a_better-designed 
injector, we expect to eliminate this trouble. 

Keeping the tuyeres open is absolutely essential to the sat 
and eflicient operation of this process, and as it is a manual 
operation it must be handled by the operators. During thies¢ 
tests, tuyeres were “ punched” every fifteen to twenty minutes 
on signal. On one oceasion a tuyere beeame badly blocked, th: 
feed was cut off and the tuyere cap opened. The blast from thi 
furnace blew out a dense cloud of coal dust and molten material 
The dust was ignited and burned on the outside of the furnace 
for 20 to 30 see. with an intense flame about six feet long, the 
tuyere acting as an ordinary ecoal burner. 

In view of the difficulty of keeping the tuyeres open and the 
connections airtight, it 1s probable that the most satisfactory 


place to inject the coal into the furnace would be through a 
separate opening in the jackets, between and preferably some 
what above the tuyeres. 


Fic. or PRESENT CERRO DE PASCO CoPpPER CORPORATION'S SMELTER, SHOWING LOCATION OF COAL-PULVERIZING PLAN! 


cent. These tests showed up so well that it was decided to equip 
the other side of the furnace with coal feeders and run a test of 
of several days’ duration. This was done and the results wer: 
entirely satisfactory. During these tests the auxiliary air was 
taken from the converter air line, which varied from 12 to 16 Ib. 
pressure. 

The following quantities will give an idea of the proportion of 
coke and pulverized coal used: 


14-Hr. Run 50-Hr. un 


Normal charge of coke, Ib..............2262 31,000 114,000 
Actual charge of coke, Ib.................. 17,000 61,800 
Pulverized coal fed to furnace, lb........... 8.900 £1,000 


The analysis and screen tests of the coal used were practically 
the same as noted above. The furnace performance through all 
tests was carefully observed and was found to be fully equal to 
that when operating on the normal coke charge. ‘Two difficulties 
were encountered on the blast-furnace test, namely, keeping 
some to the feeders in operation and keeping the tuyeres open. 
It was observed that in some of the feeders there was a slight 
back pressure, due probably to partially blocked tuyeres. This 
did not affect materially the feeding, but forced some coal dust 
into the feeder bearings which mixed with the oil and finally 
bound the bearings so that it became necessary to shut down 
that particular feeder and clean the bearings. This was easily 
done without shutting down the other feeders, as the gears on 
the main shaft were mounted on feathers and provided with 


The No. 5 reverberatory was selected for the final test. All 
four reverberatory furnaces in use are identical: they are old 
style, designed for hand-firing and about 18 ft. by 58 ft. mside 
the bridge wall. No. 5 was fitted up as shown at U, Fig. 3. 
The coal was discharged from the last mill into a hopper and 
dropped into a 7-in. pipe where it was picked up by an air jet 
and conveyed to the coal hopper, a distance of about 150 it. and 
rise of about 30 ft.; the top of the hopper was constructed 
similar to a cyelone dust collector. Krom the hopper a 6-1n. 
variable-speed serew feeder fed the coal into the suction side of 
a No. 9 Sturtevant Monogram blower; this in turn discharged 
tlie mixture of coal and air into the feed piping from whiel 
branched five 6-in. pipe burners into the furnace, the excess air 
and coal returning to the hopper. 

This test was disappointing from the actual results, but when 
the following difficulties which were encountered are corrected, 
the furnace will, beyond question, show a rmauch higher efficiency 
than the hand-tired furnace, First, the coal could not be dried 
sufficiently, the average moisture being in excess of 1.5 per cent. 
This introduced handling troubles. The plant would not grind 
sufficient coal to the required fineness, the average screen analysis 
being: 


+- 65 mesh 22.8 per cent 
65 mesh 8.5 per cent 
—100 mesh 25.6 per cent 
200 mesh 42.4 per cent 
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The discharge from hopper to feeder was too small, and the 


coal continually eaked and bridged. The screw feeder was too 


short so that the coal flushed badly at times; also the discharge 
from the feeder was too far from the fan so that the coal 
accumulated in the suetion pipe and had to be removed with an 
air jet. Under these conditions it was obvious that uniform 


feeding, which is essential to efficient operation, was impossible 


This test covered about nine days, and was run for about two 
days with the return pipe open. Sometime during the second 
day the return pipe wis blocked, due to overfeeding, and it was 
decided to continue the test without opening the run pipe, the 
only difference being an apparently heavier feed at the burne: 
tarthest from the fan. With a properly designed piping system, 

ere seems to be no reason why a series of burners cannot be 


operated from a single feeder with or without a return. The 


last day’s run of this test was made with a mixture of 75 per 
ent coal and 25 per cent coke breeze, which yave results equal 
to straight coal. 

The following table shows a comparison between the average 
performance of reverberatories Nos. 2, 3, 4 and 5 over the same 


period : 


te ( | Sime! ng H I 
Per H per H Ra R t 
Aver. of 
4f 


These results are really not so bad when the troubles encoun- 


tered are considered and it is remembered that this furnace was 
not designed for pulverized coal and that it cools very rapidly 
during any shutdown, and considerable time is required to bring 
it up to the smelting temperature again. 

As ash accumulations are an important factor in reverberatory 
smelting with pulverized coal, close observation was made of 
these accumulations, and the following samples taken: 

1 Ash and slag float on the bath: comes out when skimming 
in small and large pieces, sometimes has to be broken to pass 
the skimming door, is easily handled when furnace is hot, but 
is tough and sticky when furnace is cool. 


ya Ash in boiler cross-flue Spongy mass ol ash and some slag 
accumulates in farrly large quantities in eross-flue between 
furnace and waste-heat boilers; is soft and easy to remove when 
first deposited, but if allowed to remain, is very difficult to remove. 
(See sections E-E and D-D, Fig. 3 

3 Ash on sides of root of furnace: Almost pure ash, light- 
weight and brittle when cold, appears to accumulate on sides 
and roof of furnace until too heavy to stick, when it drops and 
floats on the bath. 

4 Ash in reverberatory flue, very similar to No. 2 (See 
Section C-C, Fig. 3 

Section B-B, Fig. 3, is taken at right angles to the bridge wall 
of the furnace and shows the large mass of ash, slag, unburned 
eoal and coke which accumulated here and materially affected 
the operation of the furnace. This was deposited on the bridge 
wall and gradually built up in the shape of large horns in front 
of each burner, sometimes reaching within 8 or 12 in. of the 
burner. 

Quite a large quantity of ash was deposited each shift on the 

boiler tubes, but was easily blown off by compressed air once or 
twice a shift. It was estimated that at least 50 per eent of the 
total ash was disposed of in the manner described, while the re- 
mainder was deposited in the main flue and went up the stack. 
The average ash analysis was as follows: 
Si Ov ALO FeO CaO MeO Cu 
49.9 28.4 11.0 2.5 0.26 1.24 
The high copper content is probably due to caleines lodging on 
the ash and slag float. Two samples showed Cu 2.92 and 1.91, 
respectively. 

As a result of these experiments a modern 250-ton coal-pul- 
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verizing plant was designed and is now in course of erection. 
Blast furnaces, reverberatories and sinter plant will be equipped 
for pulverized coal, and the experiments will be continued to 
ascertain the equipment most suitable for local conditions, which 


vill then be used at the new smelter now being constructed. 
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Fig. 3 shows the lavout of the present smelter in plan, will 


various elevations, flow sheet of coal pulverizir ¢ plant, and the 
location of this plant relative to the general smelter layout 
In conelusion, it may be of interest to note that these experi 


ments and tests were carried out at an elevation of 14,200 ft. 


The Historical Report of the Chief Engineer, Including All 
Operations of the Engineer Department, American Expeditionary 
Forces, 1917-1919, published by the War Department, consists of 
a main body and appendices. The main body constitutes the 
liustory of the engineers in France and is divided into three parts 
as follows: Part One deals with the organization and develop 
ment of the department from the time of the appointment of 
the first chief engineer, A. E. F., May 18, 1917; Part Two is 
devoted to military engineering, including staff and army opera 
tions; Part Three relates to engineer activities in the services of 
supply, construction and forestry. The appendices consist of 
technical discussion, departmental and special service reports, 
regimental histories, and material of a similar detailed character 
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The Great Hydroelectric Plant at Keokuk 


Excursion to This Plant Is Planned for Members and Guests of The American Society of Mechanical 
Engineers in Connection with Their Spring Meeting 


will provide room tor 30 units each comprising a 10,000-hp. 


single-runner vertical Franeis turbine connected to a_ vertical 


000-kKva., 11,000-volt., 25-evele, three-phase generator operated 


at 577 r.p.m. The present structure is only half of that called 
tor by the plans, and provides for only 15 main generating units. 
lor the substrueture foundations, excavation was carried 25 ft. 
below the surface of the blue limestone bed of the river. From 
the forebay the water passes through the gate openings in the 
gatehouse section of the building, thence entering four branch 
intake tubes for each 10,000-hp. turbine. These four entry 
openings, 22 ft by 7.0 {t., deliver the water to the seroll chamber 


at the sides and rear of the turbine setting. By the design ot 


HE Mississippi River Power Company’s power plant at 
Keokuk, lowa, is by far the greatest low-head hydro 
electric development ever undertaken. The entire struc 
inure is built of monolithie concrete and includes a dam, power 
use, navigation lock, and dry dock. Measured from end to end 
’ is 10,560 ft., or two miles long, and is believed to be the largest 
io monolith of its kind in the world. 
It is located at the foot of the Des Moines Rapids, which ex- 
: tend from Montrose to Keokuk, a distance of twelve miles. In 
this distance the river bed has a fall of 23 ft., and the surface fall 
varies from 23 ft. at low water to 16 ft. at Ingh water, which 
provides a normal working head for hydraulic machinery of 


THE Great I 


GENERAL VIEW OF 


32 ft., varying from 21 ft. to 39 ft. according to the stage of 
the river. The discharge of the river, at the site of the power 
station, where it is approximately a mile wide, is 200,000 cu. ft. 
per see. at low water and 372,500 cu. ft. per sec. at the flood 
stage, which discharge made possible the project.’ 

A 4650-ft. spillway dam of the gravity section type, which 
is surmounted by a bridge, extends from Hamilton, Lil., on the 
east side of the river, to the power house which is near the west 
side of the river. It consists of 119 arched spans, each having 
40-ft. openings and 6-ft piers. Each of these 30-ft. spillways 
may be closed by a gate or wier; in other words there are 3570 
of spillway. 
vertical: the downstream side is rounded off into 


The upstream side of the spillway section is 


an ogee curve 


vhich discharges the flow quickly into the river below. 
In order that drift and ice may be excluded from the fore- 
Lay, a 2340-ft. fender pier was constructed which extends 


upstream from the power house and curves toward the west 
There is a 300-ft. opening between the shore abutment 
and the end of the pier to allow the passage of river traffic. When 
navigation is closed, or when there is a large amount of floating 
matter in the river, this opening is closed by means of a floating 


nore, 


boom. 
The completed power house will be 1700 ft. by 123 ft. 


rhese figures 


and 


are the results obtained by 20 years of observation. 
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follow the mathematical curvature required, the water is impinged 


the scroll ehamber, : in diameter and molded in conerete to 


upon the turbine blades from all sides with equal force and 
velocity. The draft tubes, 18 ft. in diameter at the rotor, enlarge 


rapidly as they assume a horizontal direction to into 


Because of this design the water, as it enters, moves 


empty 
the tail race. 
at a speed of 14 ft. per see. and is discharged into the tail pool 
at about 4 ft. per see. 

A short dam, extending downstream from the power house, a 


navigation lock, and a dry dock at the west shore, form the 
forebay of the power house. The lock is a single 40-ft. lift, the 
chamber of which is 400 ft. by 110 ft., and may be filled in 10 
minutes and emptied in 12 minutes. One of the features of this 
lock is the upstream gate, which may be deseribed as a single 


leaf with void chamber. 


To open it, the chamber is filled with compressed air, and because 


a This gate is operated as follows: 
of the buoyant effect it floats into place; to close it, the com 


pressed air is allowed to escape, and it sinks into the chambe 


provided for it because of its weight. 

At the present time this station provides 110,000 hp. to St. 
Louis, East St. Louis, Alton, Hannibal, Quincy, Burlington, Ft. 
Madison, and adjacent territory; hence, it serves a population of 
1,120,000. With the 15 at the it 
possible to develop 13,500 kva. 


about generators station 


Is 
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THE MISSISSIPPI River PowrR CoMPANY’sS PLANT, KEOKUK, IOWA 
1 Interior of Lock Operator's House Fig. 4 Main Generating Room 
Switchboard Room, Chief Operator's Board in the Foreground Fig. 5 View Showing Power House and Dam 
Fig. 6 Steamboats Passing through Navigation Lock, Upper Level 
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Fig. 3 High-Tension Room 
Photographs obtained through the courtesy of Hugh L. Cooper & Co., Consulting Engineers, Mississippi River Power Company, 101 Park Ave., New York City 
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The Dissipation of Heat by Various Surtaces 


By T. S. TAYLOR,’ PITTSBURGH, PA. 


Although it has long been the popular opinion that by covering 
hot-air pipes with sheet asbestos the heat loss was thereby reduced, 
some recent experiments by the author of the following paper indi- 
cate that quite the opposite is the case. Using bare tin as a standard 
of reference, he found that tin covered with 0.33 mm. (0.013 in.) of 
sheet asbestos will dissipate about 37 per cent more heat; asbestos- 
covered tin having a layer of dust, 32 per cent more; and tin with 
a layer of dust only, 7 per cent more. Calculations based on a series 
of tests indicate that it would require a covering of about 0.2 in. of 
sheet asbestos to make the loss from the covered pipe equal to that 
from the bright uncovered pipe. A thickness of 0.4 in. of asbestos, 
however, would result in a saving of 25 per cent over that of bare 
pipe, and about seven layers of 0.013 in. sheet asbestos loosely applied 
ona bare pipe would effect a saving of about 75 per cent. The author 
also presents figures, derived from tests, showing the effect of air 
velocity upon the dissipation of heat. Curves are given showing the 
watts dissipated per unit area and air velocity for definite surface 
temperature excesses of from 10 to 70 deg. The effect of the angle of 
incidence of the air is also discussed in the light of experimental 
work and it is shown that the maximum dissipation of heat takes place 
when air is blown over the object at an angle of from 40 to 45 deg. 


OT long ago, while conducting a series of tests to deter 

mine the relative thermal insulating properties of asbestos. 

it was observed that warm water placed in a plain tin 
vessel cooled more slowly than when placed in a similar vessel 
covered with thin sheet asbestos. Since this observation was in 
direct contradiction to popular opinion, it seemed worth while to 
make some definite tests on the relative dissipation of heat by 
such surfaces in still air. To conduct such tests tin vessels were 
accordingly constructed with a lid at one end and having a diam 
eter of 10 em. and length of 50 em. A eylindrical heater was 
made by winding No. 21 constantan wire longitudinally on an 
asbestos-board framework so as to slip readily into the vessels. 
The heater was so constructed that the same amount of heat 
would be developed per unit area of surface of the vessels, both 
sides and ends. This made it possible to maintain the tempera 
ture within the vessel at various values above the surrounding 
air temperature. 

The outer surfaces of the vessels were as follows: plain bright 
tin; tin covered tightly with 0.33-mm. (0.013 in.) sheet asbestos; 
tin covered loosely with three layers of 0.33-mm. asbestos; tin 
aluminum-painted; galvanized; and various dust-covered sur- 
faces. A thermometer inserted through the side of each vessel 
provided means for measuring the temperature at the center of 
the vessel, and thermocouples of 0.005-in. copper-constantan wire 
were attached to the outer surface of each vessel so as to measure 
their surface temperatures. The vessels were always placed hori- 
zontally in sueh positions in the room as to be free from unneces- 
sary convection currents. 

Observations were taken of the amounts of electrical energy, 
measured by ammeter and voltmeter, necessary to maintain vari- 
ous differences between the temperature within the vessel as deter- 
mined by the thermometer and the surrounding temperature. 
Surface and room temperatures were also taken at the same time. 


Mellon Institute, University of Pittsburgh; formerly of the Westing 
house Electric & Manufacturing Company 
2 Since compiling these results the writer has learned that somewhat 
similar results have been observed independently by V. S. Day at the 
University of Illinois and were noted at the meeting of the National 
Warm-Air Heating and Ventilating Association, Columbus, Ohio, June 11. 


1919, Observations showing the results outlined in the earlier portions of 


the present paper were first taken about February 1, 1919 Nothing 
further was done at that time owing to the pressure of other work. Re- 
cently, however, occasion permitted further work and the results con 
firmed the original ones. A preliminary notice of the present results ap 
peared in MECHANICAL ENGINEERING for January, 1920, p. 69 

Abstract of a paper to be presented at the Spring Meeting, St. Louis, 
May 24 to 27, 1920, of THe AMERICAN SOcIETY OF MECHANICAL ENGI 
NEERS. Copies of the complete paper may be obtained gratis upon appli 
«ation. All papers are subject to revision, 
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The room temperature was taken at points sutliciently distant 
from the vessel to be uninthuenced by it. In this manner results 
were obtained showing the watts dissipated per unit area tor 
various temperature excesses, internal above room, for different 
surfaces. Curves 1 and 2 in Fig. 1 show the results obtained tor 
tin covered tightly with 0.33-mm. sheet asbestos and bare tin, 
respectively. Curves 1’ and 2 give the relations in watts per 
sq. em. per deg. cent. plotted against temperature for the corre 
sponding surfaces. It is seen that the dissipation of heat pet 
init area per degree of temperature excess increases almost 
iniformly with the temperature difference over the range of tem 
peratures used. Thus the eurves 1 and 2 can be represented 
approximately by the relation, W = AT-+- BI°; where W is the 
watts dissipated per unit area, 7 the temperature excess (internal 
above surrounding air) and A and B constants for each surface. 

Table 1 gives the values of the heat dissipated by the various 


10°? (Curves land 2) 


Watts per Sq Cm x 


Internal ab 


oove 


1 Heat Dissrpatep From Tin Coverep WITH 
0.33-MM. SHEET ASBESTOS 


surfaces at corresponding temperature excesses. In addition to 
the surfaces listed in Table 1, results were also obtained for 
galvanized surface and tin loosely covered with three layers of 
sheet asbestos when dust-covered. Table 2 gives the relative 


rABLE 1 HEAT LOSSES FROM VARIOUS SUKFACES 


All values are expressed in watts per sq. cm. X 
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amounts of heat dissipated as compared with bare tin for corre- 
sponding differences in temperature. ‘Tin covered tightly with 


one layer of 0.33-mm. sheet asbestos will dissipate 57 per cent 
more heat in still air than the bare tin. Even when both ar 


covered with dust, such as that usually found on furnace pipes 


the asbestos-covered surface will lose 25 per cent mor eat that 
the bare one The effect of dust on the pipes is to inerease the 
loss oO the bare pipe and decrease the loss of the asbestos 
covered one. It requires at least three layers of 0.33-m1 
asbestos applied loosely on a bare pipe in order to d 

more heat than the uncovered bare pipe. This is readil 


by Table 2. 


It will be observed from a study of Table 2 that the ratio for 


rABLE 2 HEAT DISSIPATED BY VARIOUS SURFACES AS COMPARED 
WITH THAT DISSIPATED BY BARE TIN No 
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all surfaces with respect to the bare pipe becomes somewhat 
smaller with increasing temperature excess. This indicates that 
if the temperature difference were high enough, very little differ- 
ence would exist between the amounts of heat dissipated by each. 
This condition would not exist, however, until the surface tem- 
peratures were such that the heat would be lost chiefly through 
radiation, which for the present temperature range plays but 
little part 


Heat Losses Hort-Arr Pires 


One very interesting feature about these results is their appli 
loss of heat by hot-air furnace pipes. From th« 
results in Tables 1 and 2 it is quite evident that hot-air-furnace 


cation to the 


pipes lose more heat when coated with the usual sheet asbestos 
than when left bare. Furthermore, this difference is too great 
to be merely given a casual consideration, and the following 
brief discussion will emphasize the point. Let us consider in the 
first place what thickness of covering would be necessary in 
order to insure no more loss of heat by the covered pipe than by 
the uncovered one. For the same temperature excess, say, 40 deg. 


cent. internal above surrounding air, the covered pipe loses 
7.5210 watts per sq. em. 


a while the bare pipe loses 12.70 
10-*. 


This is seen by reference to curves 1 and 2 in Fig. 1. Ex 
periments show that a pipe (No. 1) to lose only 
12.70 X10-" watts per sq. em. would require an outer-surface 
temperature excess of 12.8 deg. cent., and that 
17.52 10 em. its surface temperature excess is 
17.2 deg. cent. Hence sufficient insulation must be added to 
reduce the surface temperature to the lower value, or there must 
be enough asbestos added to a drop of 44 deg. 
(17.2 — 12.8). The thickness of asbestos necessary is given by 
the following equation : 


covered 


when losing 


watts per sq. 
produce 


14 < 0.00035 


d 
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vyhere 0.239 is the factor to reduce watts to ealones and U.00055 
the thermal conductivity OL asbestos paper In calonies per 
per sec Solving the equation for d gives a value of 0.51 en 
vhich is practically 0.2 in. While this is an approximate 
tion it shows that considerably 1 re thickness of insulat 
ould be applied to ol-air pipes in order to make them as 
neient iS ] were pal 
It is interesting to sp late as to the possible saving that 
ould result by leavin e pipes b t and ur ered. Supposs 
ere is a temp re cess, internal above surrounding air, of, 
say, 40 deg. cent. (72 deg. fahr.). As is shown above this corr 


17.52 K 10 watts per sq. em. or 0.113 watt 
per sq. in. from the covered pipe. If we have 10 pipes 10 ft 


ong and 10 in. in diameter, that is, approximately 36,000 sq 


ot surface, the total loss would be 0.113 16,000 1068 watt 
The total loss per day would be 4068 * 24 3600, or 3.52 LO 
joules. One pound of coal has a heating value of approximately) 
2500 1.32 10° joules. Consequently the loss 


coal per day would be 3.52 K 10°~—1.32 « 10’, or 
This would be equivalent to about 75 bu. during the heat 


pounds of 
%6.6. 
ing season 
100 — 137 
considerations indicate, therefore, that the 


The loss through a bare pipe would be equivalent to 
(see Table 2) of this value, or about 54 bu. These 
pipe system in ques 
tion covered with 0.33-mm. sheet asbestos will lose during a 
winter season a quantity of heat equivalent to that obtained from 
20 bu. of coal more than the same system would lose if left 
uncovered. 


The explanation of the larger loss through a pipe when covered 


Mica Plate. Fishpaper... 
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Fig. 2. APPARATUS USED IN MEASURING HEAT LOSSES 


with a thin layer of asbestos is due to the fact that the asbestos 
surface 1s some three or four times as great as the plain tin 
The loss 


being due chiefly to air contact, it is readily seen that the greate1 


surface so far as molecular dimensions are concerned. 


the surface for the molecules to come into contact with, the more 
heat will thus be liberated. The radiating power of the asbestos 
also being larger than that of tin, will contribute an additional 
amount to the advantage of the asbestos as far as heat loss is 
coneerned. The loss due to radiation, however, at these tempt ra 
ture differences is quite small compared with that lost by conve: 
tion currents. Since the asbestos surface facilitates the loss ot 
heat due to its increasing the effective molecular contacts, t). 
surface of the asbestos and also the outer surface of the tin will 
thus their temperatures considerably decreased and the 
result will be that more heat must 


asbestos as a cons¢ quence of this condition 


have 
pass through the tin and 


surface of the pipe is thus changed and the heat losses inereased 


lor a given temperature gradient, it is necessary to overcomé 
this by increasing the thickness of the asbestos layer to such an 
extent that the 
insulation will eut down the heat flow to the desired amount 
That is, the radiation resulting from inereasing the effective area 
must be counteracted by increasing the thermal resistance throug 


the addition of a greater thickness of insulation. 


INFLUENCE OF AIR VELOCITY ON DISSIPATION OF HEAT 


The work described under this heading was primarily under- 
taken for the purpose of securing data useful to engineers in 


Therefore, when the 


thermal resistance of the pipe and asbestos or 
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designing electrical apparatus. The results obtained are for thie 
surface of a typical end coil of a turbo-generator, but they 
nevertheless are of value to anyone 
problem of air cooling. The apparatus upon which the wrapper, 
composed of treated cloth and tape, was placed was the same as 
had been previously used in measuring the thermal conductivities 
of coil wrappers (see Electrical World, February 14, 1920, p. 
369). An iron bar 11% in. -by 112 in. by 24 in. 
core in order to secure rigidity. A layer of yy-in. heater mica 
was pressed over the core and a heater wire of No. 21 constantan 
wound over the mica so as to have eight turns to the inch. The 


who is interested in the 


Was used as a 


+ 
0.025} 
) 
Temperature Excess. Surface above Room. Deg Cen 
i 

Fic. 8 Errecr or Atk VELOCITY ON DISSIPATION oF 

space between the turns was filled with asbestos cement and a 


second layer of /g-in. heater mica plate was then pressed over tli 
apparatus. After having been thoroughly dried out by 


sending a current through the heater wire while the entire heater 


entire 


was held between clamps, the apparatus was wrapped with th 
insulation according to definite specifications. Two thermo 
couples were placed on the wrapper on each side of the heater, 
one at the center of each side and another at the edge at corr 
sponding pesitions along heater. The thermocouple wires (0.005 
in. copper and eonstantan) were run out along the heater its 
entire length, the copper ones to one end and the constantan to 
the other. A sketch of the heater is shown in Fig. 2. 

The heater after having been thus wrapped and arranged was 
placed about eight inches in front of the outlet of a blower and 
parallel to the opening so that the air stream fell at right angles 
upon it. The ends of the heater were covered with wool felt to 
prevent loss of heat therefrom. The outlet from the blower was 
of such dimensions (21% in. by 214 in. by 24 in.) that the coil 
was completely within the air stream. Baffle plates placed in the 
air channel made it possible to secure a symmetrical distribution 
of the air stream. A small pitot tube made from a hypodermic 
needle was used to measure the velocity. The 
pressure were read on a differential draft gage. 


differences of 
Observations 
were also made of the air temperature and barometric pressure. 
The velocity of the air (V) was caleulated for standard condi 
tions, 760 mm. pressure and 25 deg. cent. 


temperature, by use 
of the formula 


ghd 

where g is the acceleration due to gravity, h the height of the 
liquid in the differential gage, d the density of this liquid, and d’ 
the density of the air. 

Measurements of the air velocity at the point in the air stream 
where the coil was situated showed but little variation from that 
for corresponding points at the opening. At least, whatever 
variation did exist was of the same order of magnitude as the 
experimental error. It was therefore assumed that the average 
of the velocity would be a fair value to take as the velocity of 
the air blowing over the coil. 
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The current in the heater was maintained constant and a 
constant number of watts were thus dissipated per unit area. 
Observations were taken of the excess of the surface tempera- 
ture of the coil (determined from the average of the eight thermo 
couples on its surface) above the temperature of the impinging 
air for various air velocities and it was found that the heat lib- 
erated per degree excess increases approximately uniformly with 
the velocity over the range of velocities investigated. 

In the above manner relations were determined for various 
amounts of heat liberated up to 0.186 watt per sq. em (1.2 watts 
per sq. in.). From these values relations were obtained between 
the watts dissipated per sq. cm. and the corresponding tempera 
ture excess of the surface above air temperature for various al 
Fig. 
sq. em, and corresponding temperature excesses for air velocities 
of 0, 800, 1600, 2400, and 4000 ft. per min. For still air it ts 


the amount of heat liberated per degree of temperature 


velocities. The eurves in 3 show the watts dissipated pet 


seen that 


excess increases with increasing temperature excess. On_ the 


contrary, it is seen that the watts liberated per unit area pet! 


degree excess is practically constant for all air velocities othe: 


than natural convection currents. The watts dissipated per unit 
area varies uniformly with the temperature exeess for constant 


mir velocities Hlowever, it is not safe to assume from. these 


ya 

» 

= 
n t Air St Deg 
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experiments that such linear relationships continue to hold indeti 


nitely as the watts dissipated Increases, 


EFFECT OF ANGLE OF INCIDENCE OF AIR STREAM 


All the foregoing results were obtained for perpendicular nei 
denee or when the angle of incidence of the air stream was zero 
From results that had been obtained previously on the cooling 
of a very small coil of wire (14 in. in diameter) when placed in 
an air current, it that 


excess was different for 


Was seen the amount of heat dissipated 


for a given temperature different angles 


of incidence of the air stream. It therefore seemed worth while 
to make some tests to determine the way in which the tempera 
ture excess of the surface of the eoil wrapper varied with the 
angle of incidence for a definite amount of heat dissipated per 
unit area and constant air velocity. This was done for a dissi 
pation of 0.145 watt per sq. em. (0.938 watt per sq. in.) and an 
air velocity of 3267 ft. Curve No. 1, Fig. 4, shows how 
the temperature excess changes under the above conditions as the 
of the 


perp ndicularly, to 90 dee. or parallel to the eoil. 


per min. 


angle of incidence air stream changes from 0, that is, 


Curve No. 2 
with the 
The curves are quite interesting in that they 
show the relative cooling effects of air at 


dence. 


shows how the deg. changes 


watts 
angle of incidence. 


per sq. em. cent. 
inci 
It is seen that the temperature excess for the particulan 
air velocity of 3267 ft. per min. and a dissipation of 0.145 watt 
per sq. em. at an angle of incidence of air stream of about 40 to 
45 deg. is only 67 per cent of what it is for an angle of incidence 
(Continued on page 259) 


various angles of 


ENGINEERING SURVEY 


A Review of Progress and Attainment in Mechanical Engineering and Related Fields, as Gathered 
from Current Technical Periodicals and Other Sources 


SUBIECTS OF THIS MONTH'S ABSTRACTS i 
MUFFLER DESIGN FOR AEROPLANE ENGINES POTS AND Boxt FOR CARBONIZING ASH- AND COAL-HANDLING EoUIPMEN? | 
BacK PRESSURE IN EXtatstr LINE AND HekAT-RESI ‘G ALLOYS *“ CANADIAN FUEL AND STEAMING TESTS 
Power Loss Or ENGINES NICKEL-CHROMIUM ALLOYS Hicnh-Vaccuum Mercury Pump 
MéLoT System Reaction Jer Pro Nut Lock STEAM AND ELEcTRIK PROPULSION FOR 
PULSION MULTIPLE-WAY DRILLING MACHINES, RAILROADS | 
AERODYNAMIC PROreRTIVS OF THICK AERO FooTe-BURT STANDARDIZATION OF ELECTRI REQUE | 
FOILS CHIP-PROTECTION DEVICE ON MULTIPLE CIES 
VAPOR PRESSURE OF AMMONIA WAY DRILLING MACHINES FUEL UTILIZATION ON RAILROADS 
PICKLING AND PHYSICAL PROPERTIES © FATIGUE AND ITS EFFECT ON PropvcTIO STEAM AND ELEcTRIC Locomotives Co} | 
MELTON-HAURY SINGLE-SLEEVE-VALVE EN CONCRETE SHIP, PRESENT STATUS BE 
GINE PROPAGATIK or FLAME IN GAS MIXTURE APPARATI | 
AERONAUTICS the inerease of back pressure, Che result would be a loss of in 
dicated mean effective pressure ¢ qual to the back pressure, because 
Muffler Design: Back Pressure in Exhaust Line and the elevation of the exhaust line would extend through the whok 
Power Loss of Aeroplane Engines stroke. The k s of brake mean effective pressure will be smalle1 
than the loss of indicated mean effective pressure in the ratio of the 
INVESTIGATION OF MurriinG ProBLEM FOR AEROPLANE EN mechanical efficiency of the engine to unity. 
aunes, G. B. Upton and V. R. Gage, Members Am.Soe.M.E. Data At Ingher back pressures the exhaust gases are held back i 
ot tests carried out under the auspices ot the Natio al Ad isory vreater amounts in the cylinder, leaving the clearance space, at 
Committee for Aeronautics on a Curtiss aeroplane engine and the end of the exhaust period, filled with an abnormal weight o! 
several stationary and other engines, using a fan dynamometer. 
The paper describes in considerable detail the methods of meas 
irements and the formula used. As regards the relation between & 
back pressure and power output, it appears to have been found ‘| | ri\ 
that for moderate back pressures the power loss is substantially | \ 
> \ / \ 
proportional to the back pressure, while for higher back pressures ¥ || / | .- 4 \ 
the power loss mounts rapidly, apparently at such a rate that a | | r] Fy 
RT] / 
INU | 
= 
| 
— 
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i! 
Monies, § 
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Fig. TANGENTIAL-WHIRL-CHAMBER TANK MUFFLER RECOM- 
MENDED BY THE NATIONAL ADVISORY COMMITTEE FOR AERO 
NAUTICS FOR THE LIBERTY AEROPLANE ENGINE 


hot, dead gases. These reéxpanding, interfere with the incoming 
charge in various ways, lessening the amount of the fuel mixture 
drawn in. The decrease of charge quantity will result im a decrease 
of the mean effective pressure which is added to the decrease of 
mean effective pressure due to lifting of the pressure of the ex- 
haust line. 


Probably it is the decrease of charge which is the principal rea- 


2 son for the possibility of stalling the engine by fairly completely 

: choking the exhaust pipe and before complete closure is reached. 
Fig. 1 INDICATOR DIAGRAM SHOWING Loss oF PowER THROUGH It was also found, as regards the relation between the brake 
Back Pressure aT EXHAUST VALVE horsepower and the actual back pressure, that “ the back pressure 


increases as some exponential function of the horsepower, when the 
back pressure of even less than 10 lb. per sq. in. would stop the conditions of the exhaust passages remain unchanged” [quoted 


engine. literally.—Eprror. }. 
A possible explanation of this changing effect of back pressure Data are presented to demonstrate that the choking of the ex 


as the back pressure increases may be found by considering the _haust by sharp turns, pipe fittings, ete., gives the same results as 
indicator card. This is schematically shown in Fig. 1. For small choking by a mufiler. 

back pressures we may expect the main effect to be a lifting of In the course of the experimental work carried out some peculiar 
the exhaust line of the card by an amount substantially equal to phenomena were noted. One such was the abnormal power drop, 
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considering the back pressure, at certain critical speeds. It was 
found that this abnormal power loss could be avoided by a very 
small change of speed either way from the critical. 

The eritieal speed changed or disappeared with change of ex- 

aust manifold. The supposed eause of this abnormal power loss 
at the critical speed is a reflected wave of exhaust gas killing the 
clearance of some cylinder just before its exhaust valve closed. 

A number of mufflers were tested. 

The authors recommended a tentative design for the Liberty 
12-eylinder engine, that shown in Fig. 2, where air is supposed to 
pass through the inner tube to some extent aiding in cooling 
(National Advisory Committee for Aeronautics, Report No. 55, 
preprint from Fifth Annual Report 1919, 38 pp., 27 figs. and 


numerous tables, « 


Blast Engine with Reaction Jet Propulsion 


MeLor System or AircRAFT PropuLsion. At the recent Paris 
aeronautical show there was exhibited a trial machine embodying 
the Mélot principle of propulsion. It is stated that the inventor 
experimented during the war at the Laboratoire du Conservatoire 
des Arts et Métiers in codperation with the French Ministry in 
Munitions. 

The machine consists of a burner with fireproof lining. Into 
this an explosive mixture is injected and ignited in the first in 
stance by a spark plug, after which combustion continues unin 


erruptedly. The burned gases are exhausted through blast 


park 1g vias? Fi pe 


Fig. 3 MELoT SYSTEM OF PROPULSION FOR AIRCRAFT 


pipe and four blast “ engines,” which are really graduated nozzles, 
one large and three small. 

At the inlet mouth of each of these nozzles air is drawn in 
by suction, and the whole mixture of air and burned gases is 
exhausted by the last and largest blast engine and makes a direct 
thrust against the air at the rear of the engine (Fig. 3). 

The machine is said to give 30 hp. for a relative speed of 50 m. 
(164 ft.) per see. The weight per horsepower is said to be 0.5 
kg. (1.1 lb.), and it is obvious that if the machine is capable of 
functioning for any length of time, its cost ought to be quite low 
because of the absence of valves, pistons and other parts of the 
conventional engine. (Aeronautics, vol. 18, no. 331 (New Series), 
Feb. 19, 1920, p. 157, 2 figs., d) 


THE AERODYNAMIC PROPERTIES OF THICK AEROFOILS, F. H. Nor- 
ton. <A report dealing with the results of a series of tests con- 
ducted at the Massachusetts Institute of Technology wind tunnel, 
with a view to developing aerofoil sections thick enough to permit 
of internal bracing and the use of cantilever wings without any 
external bracing of the airplane wing truss. The sections tested 
were based on the Durand 13, and were varied in section form, in 
thickness along the span, and in chord along the span. Tapering 
both in thickness and in chord was found to be highly beneficial to 
efficiency, and some of the wings developed have L/D ratios prac- 
tically as high at angles corresponding to very high speeds of flight 
as the best of the wing sections for normal type, together with very 
much higher maximum lift coefficients. In particular, it was found 
that the substitution of a thick tapered wing for R. A. F. 6 ona 
3600-lb. fighting biplane with Liberty engine would increase the 
maximum speed by 18 m.p.h., due to the saving in parasite resist- 
ance by entire elimination of the interplane bracing. Report No. 
75 of the National Advisory Committee for Aeronautics, preprint 
from Fifth Annual Report 1920, pp. 5-26, 29 figs., te) 
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Vapor Pressure OF AMMONIA, C. 8. Cragoe, C. H. Myers and 
C. 8. Taylor. The previous measurements of the vapor pressure 
of ammonia are briefly reviewed and tabulated. A detailed de- 
scription is given of the apparatus and method employed m the 
present measurements throughout the temperature interval 78 
70 deg. cent Seven samples of thoroughly purified 


ammonia were used. Special tests showed less than one part in 


deg. to 


100,000 by volume of non-condensing gases and less than 0.01 
per cent by weight of other impurities. The methods of purifica- 


tion and filling manometers are brietly deseribed. The phenomenon 
of hysteresis was observed near the normal boilmg point of 
ammonia with a commercial sample containing a small amount of 


air, which indicated the necessity of very complete removal of 


dissolved gases for any accurate measurements of vapor pressuré 


by the static method. Lags in coming to equilibrium were er 
countered and studied in order to determine the most advantageous 


procedure in establishing equilibrium. The normal boiling point 


of ammonia was determined by the static and also the dynamie 


method, the mean of the results by the two methods being 
33.35 deg. cent. Two empirical equations were tound to represent 


closely the results in the temperature range covered experimentally 


and also the latest determination of the critical data tor ammonia 
the interval 78 dew. to 


The results of 122 measurements in 


25 dee. cent. made with direet observations of mereury columns 
agree with the empirical equations within 1 mm. ot mercury. The 
results of 28 measurements in the interval +- 15 deg. to 70 deg 


cent. made with an accurately ealibrated piston gage agree with 


the empirical equations within about 3 mm. of mereury. As a 
final result the vapor pressure of ammonia is expressed in the 
range 80 deg. to + 70 deg. cent. by either t the tollowing 
equations 
log p 30.256818 (1914.9569 /6 8.4598324 log 9 
2.39309 10°60 +- 2.955214 106 
log p 12.465400 (1648.6068 /6) 0.016386466 +- 2.403267 
10°°6 1.168708 10°96 

where p is expressed in mm. of mercury and § in degrees absolute 
(deg. abs. dew. cent. -+- 273.1) {Abstract « Scient Papers 


of the Bureau of Standards No. 369, 


ENGINEERING MATERIALS 


Does Pickling Affect the Quality and Machinability 


of Steel? 


EFFECT OF PICKLING ON ALLOY STEEL, H. L. Hess, Mem.Am 


Soe.M.E. Piekling is extensively used, as it facilitates the dis 


covery of seams and surface defects generally, and removes all 


furnace and rolling scale. Various solutions are used, such as 
highly diluted baths of sulphurie or hydrochlorie acids. 

A series of tests were carried out by the metallurgical depart 
ment of the Hess Steel Corporation, Baltimore, Md. In these 
tests 1 Ib. of a special pickling compound (not otherwise speci- 
fied) was dissolved in 3 gal. of water, and the mixture held at 
a constant temperature of about 200 deg. fahr. The tests were 
made on round pieces (11% in. in diameter and 3 in. long) of 
chrome steel with approximately one per cent carbon and 1.50 
per cent chromium. 

As the object was to determine the lasting effect of the pickling 
on the metal, various subsequent treatments were used in order 
to neutralize fully or partly the effect of the pickling, the pieces 
being washed in cold, hot or lime water and tested either imme- 
diately or after periods varying from 7 to 28 days. The tests 
were made for hardness without cleaning, polishing or filing the 


surfaces in any way previous to the test, this being done in order 
to avoid the possible removal of a skin which might have appeared 
as a result of the pickling. 

On the whole, it was found that the hardness results do not 
seem to be affected by the pickling treatment, although there was 
a slight indication that the unpickled steel has a somewhat softer 
surface than the pickled specimens. 
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Caretul machining tests showed absolutely no difference in the aisle to the wall parallel with the course of the molding ma- 

machinability, and it would appear that pickling affects only the chine. At the close of molding operations for the day, the sand 


skin, and even that to an effect not noticeable in machining. 
to il 


pickling would have any effect upon the surface of the material 


Kurther tests were made find out, possible, whether 


and whether this effect were traceable to any appreciabl cde pth 


; 


In these tests each piece of steel was subjected to a earetul micro 
scople examination of the surface betore and after aging and at 
various magnifications. The photomicrographs do not show any 


liet) 


cl 


rhe 


‘ difference between the 


pickled and unpickled bars 


general conelusion drawt these tests is that 


Troi. Inv 
in itself, as well as pickling followed by various treatments, dos 
not interfere in any noticeable way with the quality or machi 
ability of the steel. (Iron Age, vol. 105, no. 9, Keb. 26, 1920, pp 


593-594, 6 figs.. 


FOUNDRY 
Howe Suspended Molding Machine 


ENDED 


ot 


NG Macuine. Description of the installat 


lO! 


and ust Suspended molding works ¢ the 


Heights, Mich., 


nerea 


machines at the 
Standard Malleable Lron Company, Muskegon 


where th I i 


tion per molder of trom 15 to 30 per cent, de pe 


is Claimed that se ol produ 


ellected ar 


the class 


ding on 


WOrkK done 
| machine hangs on a rail which extends lengthwise ove 
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Fic. 4 Hower Susrenpep MoLpING 


It 


s equipped with pneumatically controlled legs (Fig. 4) by which 


thie milling floor and 1s easily movabl trom plac to place. 


it can be held firmly in a stationary position regardless of the 


rregularities of the tloor. These legs are in reality plungers fitted 
in pneumatic cylinders and are controlled by a stopeock. 

In its simplest form the machine is really a movable molding 
With benches at 


to earry his work over the floor to the aisle, running the risk of 


bench. fixed the walls, the molder was foreed 


shifting the molds. The suspended bench enables him to com 
mence work close to the aisle near his sand pile and gradually 
The machine 
also enables the molder to handle all his own molds, even such 
where ordinarily a helper would be needed to carry them out. 

Another advantage of this device is that the molder’s afternoon 
vork is not interfered with by the heat radiating from the hot 
and dumped from the morning molds. 

It is claimed that the machine facilitates the use of a sand eut- 
ter. The sand is dumped from the flasks in a pile extending from 


move toward the wall as his day’s work progresses. 


It moves from 


of 14% min. 


machine euts the sand in each pile in the foundry. 


aisle to wall and back in the brief space as compared 


with 30 min. of hand labor employing several men. 
Each of the molding benches is equipped with adjustable sh 


and a long side bench, the latter being attached to the machine 


hy a bracket and supported on a whee [ron O05. ne 
10, Mar. 4, 1920, pp. 665-666, 3 figs 

FUELS (See Railroad Engineering) 

HANDLING OF MATERIALS (See Power Plants) 
HEAT TREATING (See Machine Shop) 
INTERNAL-COMBUSTION ENGINES (See also Aero- 


nautics and Physics) 


Single-Sleeve-Valve Engine with Outside Sleeves 


Me_ron-Haury ENGIN} Description ot new eng know! 
s the Melton-Haury, whose characteristic teatur the single 
sleeve located outside ot the eyvlinder, which means tl I isual 
amount ot wW el oling area 1S avallavle 
The Singie-s ( Live (} oT the tollo 
evlindrieal struc wit port ope s oO This 
evlindri rue I Oo! | il eaied 
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MACHINE WITH SQUEEZER ATTACH MENT 


in that direction. This is accomplished by a dovetailed edge that 


effectively seals the joint. 
inside the 


and machined 


same manner as poppet-valve engines, 


The eylinders are removable are in 


giving also a minimum 
ot friction surface on the outside, the valves traveling against this 
1 the block. 

The valves are positively operated by individual valve shafts 
driven by helical gears, these shafts being located directly below 
the driving lug on the sleeves in order to reduce any side thrust 
r undue strains. 


outside surface with the bearing surface integral wit] 


The construction is of interest because it permits the cylinder to 
be well cooled while the sleeve valve is amply lubricated. On 
the exhaust side, the exhaust manifold is provided with hot points 
protruding downward into the intake manifold against which the 
carburetor is attached. The gases, being preheated, pass through 
the block between the cylinders into the distributing manifold 
inside of the engine block. (Commercial Car Journal, vol. 18, 
no. 6, Feb. 15, 1920, pp. 23-24, 3 figs., d) 


MOTOR CAP 


Fic. 5 MeELToN-HAaurY ENGINE 


MACHINE SHOP 


Design and Materials for Pots and Boxes Used in 
Carbonizing; Heat-Resisting Alloys: Q-Alloy of 
Nickel-Chromium Family 


Pors AND Boxes Usep in CarsonizinG, H. H. Harris. While 
heat-treating furnaces and processes have been consistently de- 
veloped in the last score of years the pots and boxes used in 
the cyanide and lead-hardening processes have changed very 
little. 

Three factors govern the service received from carbonizing pots 
and boxes, namely, design, method of manufacture, and mate- 
rial. As regards design, the author states that while in some 
plants there have been considerable improvements, through the 
industry at large a great majority of carbonizing boxes are of 
a design as well adapted for packing soap in as they are for 
carbonizing, which affects the results obtained in a very unde 
sirable manner. 

To be good a box must be designed to permit tight sealing 
with some refractory or other material, in such a manner, how- 
ever, that the clay should not enter the box and mix with the 
compound. 

Proper dimensions of the box are also important. The thick- 
ness of the box should be as thin as possible in order to prevent 
warpage and still sufficient to permit proper flow of metal in 
the easting. 

Materials for pot and box manufacture may be grouped into 
six classifications: cast iron, cast steel, pressed and rolled steel, 
“trick” materials, alloys and materials ealorized. 

Cast iron is both the cheapest first-cost material and the poor- 
est. It oxidizes rapidly, gives a non-uniform service, becomes 
distorted easily, forms scale which mixes with the ecarbonizine 
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compound and is likely to spoil the work, and 

finally is affected by the eyaniding mixtures 
Cast steel is generally much superior to cast 

iron. It costs about twice as much per pound, 


waren but may give much longer service. The prin 
ARK PLUG cipal objection to cast steel is that the grade 
EVE-VALVE woz zLE of steel used for pots and boxes is usually ot 
MOTOR HEAD inferior quality, sometimes even semi-steel being 
CYLINDER HEAD offered for steel. The method of casting the 

GASKETS pots and boxes is also often unsatustactory. 
DER RINGS Judging, however, from the average of vari 
T PORT ous types and conditions studied in many ot 
_ ’ the largest plants in the country, the author 
oY ANIL does not believe that any material has shown 
” on the average a uniformly longer life per dol 
lar invested than east steel, with the exception 
sic of a niekel-chromium alloy which he refers to 

as “Q alloy.” 

Pressed- and wrought-steel pots were quite 
4 generally used some time ago betore the ad 
A vance in price of this material. Its advantage 
is its light weight and consequent small heat 
consumption. Its disadvantages are its high 
WATER MANIFOLD price and the comparatively few shapes in 
MAIN CONNECTING ROD which it can be secured. Some companies manu 


connceting Roo facture their own annealing boxes from wrought 


steel, riveting or welding them together. Some 
of these are said to give satisfaction in extrem: 
temperatures, but not under general conditions. 
Wrought-steel riveted or welded pots for cya 
nide, chloride or lead conditions have never been 
successful owing to leakage. 

By “trick” materials, the author means 
produets misrepresented by their makers ot 
sold under a trade name which does not cor 
rectly indieate their nature. Alloys for heat 
resisting purposes are a new development and 
may be said to be still in their infancy. At this 
time there are more than 35 patents covering 
heat-resisting alloys. 

The latest development in the alloy field is a special nickel 
chromium alloy, the analysis of which the author is not yet 
authorized to divulge. This material differs from nickel 
chromium alloys on the market in that it retains many of the 
physical characteristics of the cold metal at a temperature of 
2800 deg. fahr. and rings like a bell when struck with a hammer 
at this temperature. This new alloy is known as (Q.-alloy, 
grade X. 

The only true seale of value by which a user can judge most 
competitive production materials consumed in service is by com 
paring their life under service conditions with their initial cost, 
and determining how many units of service each renders pe 
dollar investment. In computing pot and box cost a unit is a 
heat-hour, which is an hour in the furnace under heat. Cost per 
heat-hour is arrived at by dividing the number of heat-hours 
received into the initial cost of the pot or box; for instance, it 
a cast-iron box weighing 100 Ib. and cost 5 cents per Ib. runs 
100 heat-hours, the cost is 5 cents per hour. A steel box at 12 
cents per lb. should run at least 300 hours under the same condi 
tions, making a cost to the user of 4 cents per heat-hour. Under 
certain cireumstances parallel to this Q-alloy has been known to 
run 7000 hours, making a cost to the user of 2 cents per heat 
hour. Where an alloy affords a saving in cost per heat-hour it 
minimizes warpage and allows a thinner section to be used, 
thereby saving fuel in heating the box and its contents. 

Thousands of tons of metal per annum are being consumed in 
the fires of heat-treating furnaces. This metal is paid for by 
companies every one of which could use the money so expended 
to the betterment of their product rather than writing it off in 
the profit-and-loss column and passing the tariff on to the ulti 
mate consumer, American industry quite frequently puts up 
with undue waste to obtain production and perhaps the greatest 
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waste in the metal-working industries, 


direct ly 


attributed to ignorance and neglect, 1s waste of metal con- 


ver be 
Tron 


sumed in the heat-treating processes. waste can n¢ 


entirely eliminated, but it may be 


105, no. 11, Mar. 11, 
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MACHINE PARTS 


\ New N 
and 


LOcK A 
just 


for bolts 


Company, 


locking 
brought out by the 
Helens, London, E. C 


had an opportunity of testing its efficacy 


new torm ol washer 
Palnut 


3, and, although 


has be en 


huts 


Limited, of 6 Great St. 


we have not vet thor- 


oughly, the principles on which it is designed appear to us to be 


sound. The washer is a simple stamping which takes the form 


of an inverted dish, with the edge turned up in such a 


le passage ol the bolt, and there are half a 


way 


to make a hexagonal rim center of the dish is pi reed tor 


t aozen radial siots 


which divide the dish up into sector-like teeth conneeted together 


The 


lies on the top of a nut their apices follow the contour and project 


round the rim. teeth are so stamped that when the washer 


well into a single thread on the bolt. All that is necessary to 
put the washer in action is to serew it down tight above the nut 
to be locked. There is a natural tendeney for the dish to flatten 
out when it comes into eontact with the nut when forced down 
by a spanner. As the sector-shaped teeth cannot expand out 


ward durimg the flattening process, they dig inward into the thread 
bolt, 


other hand, if 


and thus obtain, so it is claimed, a very secure hold. 
the nut tends to slack back, it will produce 
flattening effect, and the 
does not turn with the nut. In 
that 


the same grip of the washer will be 


increased so lone as it order to 


prevent that happening, part of the washer which beds on 
the nut is formed with a smooth, rounded surface, with t 


e 


oft insuring that the friction between the nut and washer shall be 


reduced to a minimum. The washer can, of course, easily be 
removed by means of a spanner. There is just one little matter 
which we think that the washer might be improved. It is tha 
should be stamped plainly with the word top, or some other 
indication to wie way up it is to be used rhe devi W lif 
by ilueles put on the belt upside down, and the perverseness 
ot mechanics in the use of lock nuts is proverbial | ky 
neer 129, no. 3343, Jan. 23, 1920, p. 102, 
MACHINE TOOLS 
Multiple-Way Drilling Machines, Heavy-Duty Type, 


with Chip-Protection Device on Inverted Head 


THe Foore-Burr “ Way” D ING Macuines, J. V. Hunter. 
Multip ay drilling mae s are a 


compara rece! a 
velopment Che early types had a single vertical column sup 
proorting tly VOrK iy on which ways were planed tor the trave 
of the sade of both the upper and inverted drilling hea The 
She Cut were carried by comparatively hight wing brackets 
bolted to eaeh ide of the column, which rave 


the machine a 
About 1912-1913 these 


and built more substantially. 


somewhat spidery appearance machines 


ver proved Among other things, 
the numerous individual oil cups of the older type were sup- 
planted by 


gang sight-feed oilers with feed pipes to the various 
arings; and a year or two later a provision was introduced t 
avoid the troubles eaused by chips and dirt which work into 
he bearings of the inverted spindle head. 

This head (Fig. 6) is now protected at the top by a sloping 
slueld A, 


which tightly surrounds the spindle and prevents the 


accumulation of chips. 
Below the shield are two plates, B and C, spaced a fraction of 
apart where they surround the spindles and bolted to- 
ether wit At each 


of these plates is an air-hose connection; from one of 


an int h 
an airtight flange around the outer edges. 
these 
air can be blown, the exhaust taking place through the 
other, and all fine dust which enters this place is blown out, thus 
preventing its reaching the inner bearings. 


a Diast 


In addition to this 
each spindle is surrounded by a tapered cone D, which fits over 
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a stationary sleeve E that extends through the top shield to the 
plate B. The sleeve E 1s stat 
it and the shield. 


ionarv, sO no wear occurs DetWween 


est model of a four-way drilling 


The appearance ot the lat 
| 7 Here the 


chine is shown in Fig 
full-width column of 


base is wide and heavy, sup- 
that no side 


porting a such proportions 


handle S prac- 


arms are required. The single oil pump in the base 


tically the entire oiling. 


ic. 6 CHIP-PROTECTION DEVICE USED ON 


FooTre-BurT MULTIPLE-WaAy 


INVERTED HEAD 
DRILLING MACHINE 


THE 


In addition to this, drill 
the feed to 


(Fig. 7) automatically reverse 


draw out the drills rapidly on the completion of 


One of the latest machines carries 61 active spindles, 


three-way drilling machine, such 


Mopert. or Foore-Buri 


MACHINE 


LATEST Four-Way DRILLING 


as would be necessary for drilling the automobile-engine oil par 
It is simpler than the four-way machine because of the absence 
of the inverted spindle head, but does not materially differ from 
it otherwise. (American Machinist, vol. 52, no. 10, March 4, 1920, 
pp. 185-487, 8 figs., d) 
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MANAGEMENT 


Fatigue, Its Character and Forms; Tiredness; Fatigue 
and Accidents 


FATIGUE AND Its Errect ON Propuction, A. Vautrin. Diseus- 
sion of the nature of fatigue, its forms and degrees, and its mflu- 
ence on productivity of labor, accidents, ete. The distinction is 
established between fatigue as an objective phenomenon and the 
subjective feeling of fatigue, or tiredness. 

It has been known for some time and experimentally estab 
lished by Kraeplin that all work done by man, whether physical 
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Fic. S DISTRIBUTION OF ACCIDENTS IN THE CHEMICAL INDUSTRY 
DURING THE WORKING DAy IN THE YEARS 1897-1907 


Hours Worked and Percentage of Employees Injured During Each Hour 
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Fic. 9 DISTRIBUTION OF ACCIDENTS IN A GERMAN CABLE FAcTORY 
THROUGHOUT THE WORKING Day 


or mental, is accompanied by a series of reactions which either 
favor its continuation or oppose it. The most important of the 
reactions opposing the tendency to continue working is known as 
fatigue, and may be of a physical or mental character or a com- 
bination of the two. 

As regards its physical nature, it appears that all work pro- 
duces in the body substances (chemical or organic) which exert 
gradually a narcotic effect on the central organs of the nervous 
system. In fact, Weichhardt claims to have found present in 
animals a poison produced by fatigue which he calls kenotoxin. 

Fatigue may be either physical or mental. In physical work 
certain groups of muscles are set in action, thereby producing a 
corresponding excitation in the central nervous system. Muscular 
fatigue takes place, therefore, partly on the muscular periphery 
and partly at the brain center, and the more demand is made on 
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the brain center, the greater the final fatigue. Purely mental work 
creates a demand on the large brain, which means a gradual ex- 
haustion of the gray matter and a certain demand on the nervous 
vanglia connected therewith. In either ease, however, sooner or 
later exhaustion of the organs brought into action follows. 

Moreover, there is a close connection between physical and 
mental fatigue, and it is a well-known fact that when the body 
is overtired for any considerable length of time, this also reduces 
the ability of the brain to do mental work. The reason for this 
is clear. All work may be physiologically considered as a process 
of consumption which calls into play not only the organs directly 
producing the work, but, more or less, all the energy reserves of 
the body. Hence bodily exhaustion will grradually lead also to 
mental exhaustion, and an overburdening of one part of the body 
by produets of fatigue will necessarily sooner or later affect the 
operating ability of all the other parts ol the body. 

Fatigue is only a moderate degree of the lowering of the pro 
ducing ability of the body due to exhaustive work. <A greater 
degree thereof is known as exhaustion, and the difference between 
the two is stated as tollows: Fatigue leads to the lowering of 
the ability to perform work: exhaustion represents a state at 
which the performance of work becomes entirely impossible 
Physiologically, exhaustion represents such an accumulation of 
the products of fatigue that the body is unable to reconstruet 
itself for the time being 

A clear difference must be made between fatigue, which is an 
objeetive phenomenon and represents the actual failing in the 


ability to perform work, and the subjective feeling of fatigue, 


namely, tiredness. Whereas tatigue is produced by the aetual 
physiological processes of exchange of materials in the body, 
tiredness may be the result of various conditions and c¢ireum 


stances often lying entirely outside of the effort to produce work 
Faticue Is a physiological phenomenon ; tiredness, psve 
It may be aue to lack of interest in the work performed, outside 


happenings in the life of the workman, ete. 


Fic. 10 FREQUENCY OF ACCIDENTS IN THE VARIOUS DAYS OF THE 
WEEK COMPUTED PER 100 INJURED OR KILLED PERSONS 


The degree ot tiredness depends mainly on the condition of 
the workman, and the same amount of effort will produce a 
greater tiredness in a weak man than in a strong man, in a man 
poorly nourished than in one well nourished, and in boys and 
women than in grown-up men. 

Fatigue and Accidents. The paper presents a number of facts 
in confirmation of the claim often brought out before that there 
is a distinet connection between fatigue and accidents, although 
the author makes it clear that he does not consider accidents as 
being due to fatigue exclusively. 

From his data it would appear that in the hours when the 
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fatigue of the workman is still slight there are scarcely any acei 


dents, while in the sections of the working day or week, when 
extent, the number of 
8 to 10, together 


with tabular data in the article, would mdicate that interruption 


the fatigue has grown to an appreciabl 


accidents is more than double the average. Figs. 


of the working day by rest periods reduces accidents very mate 


nially, and that of all the days of the week, Saturday, the day 


w he fatigue is at its climax, is the worst day from thi point 


of view of accident occurrence. This is particularly apparent in 


plants which do not employ the Saturday half-holiday. 


The followimg statistics were collected in Lower Frankonia in 
1895 
Length of working day, hours over 13 
Accidents per 100° workmen 1.1 2.0 13.2 7 


In printing establishments the aceidents for the vears 1910 to 
1913 
throughout the 


were on an average distmbuted in the following manner 


davs of the wee k: 


Sunday 136 Thursday 43 
535 Friday 580 
Tuesday 583 Saturday 585 


Wi dne sda\y 


530 


publis ed by the 


748-758, 3 figs.. 
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Conerete Ships Still an Experiment, Reports Ameri- 


can Concrete Institute 


PRESENT STATUS O} Hk CONCRETE SHI The original pro 
vram of coneret p construction of the Emergene Fleet Cor 
poration was reduced er the armistice to a tot ot reel 
essels, and October 1919 contracts tor vo 700 ro 
essels were cancelled 

At the present date there are In service three 3500-ton cargo 
essels and o1 3000-ton eargo vessel, three 7500-ton tankers and 
twenty-one 500-ton canal barges built by the Railroad Adminis 
tration under the supervision ot the Emergency Fleet Corpora 
Lior Che remaiming vessels are in various stages OL completior 
il ure xpected to be in commission by next summer, 

In general, it is stated that in carrying out this progra 
construction problems were encountered which were not success 
fully met. The expernence of the vessels in service thus far indi 
eates that for cargo vessels there is ample structural strength, and 
that the barge is a much simpler problem in concrete than in usual 


materials 


Qn the other hand, it was not found that reintoreed-conerete 
ills could be built with greater speed than steel hulls, the average 
ime of constructing the conerete hull being seven months 


In service concrete ships stood up quite well. In faet, 


there 18 


generally less ation in conerete ships than in corresponding 


steel ships, and also a considerable increase in the pe riod of roll, 


which is desirable and is apparently due to the facet that these 


essels have a larger moment of inertia around longitudinal axis 


than steel ships, due again to the mass of the concrete shell being 
considerably greater 
On the 


are 


than the mass of the shell in a steel ship. 
hand, 
unable to 


other experience seems to Indicate that these ves 


sels withstand severe concentrated blows on the 


shell without the shattering of the concrete. 

Impact, which in the case of a steel ship would probably only 
cause indentation to the plates, in the case of the conerete ship 
is apt to cause a shattering of the concrete over the area adjacent 
to the point of impact. 

Repairs, especially in the case of barges, are, however, rela- 
tively simple and ean be effected with little loss of time and at 
small cost. 

The dead-weight capacity of the conerete ship was found to 
be lower than expected, the ratio of dead-weight capacity to dis- 
placement being on the average little more than 0.50. Further- 
more, in the case of a steel ship and a concrete ship having the 
same dead-weight capacities, the concrete ship because of the 
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greater weight of the ship itself must have greater dimensions thar 
the steel ship, and in consequence must have greater hold spaces 


For heavy-weight cargoes such as steel, coal or oil, in which the 


dead-weight capacity is reached before the hold spaces are filled, 


steel has obviously an advantage over concrete as a material ot 
construction, assuming that construction and operating costs are 
equal For bulky cargoes, such as ordinary goods, cotton, fruit 
or other matenals for which the space required exceeds abou 
70 eu. ft. to the ton, the conerete ship will actually carry more 
dead weight than the steel s} Ip tor the reason that the hold spaces 
of the steel ship will be filled before dead-weight capacity 1s 
reached 

The report expresses the opinion that no definite conclusions 
should be drawn as yet from the experience of these vessels 
and that the only general conclusion theretrom seems to be that 
it is possible to construct ships of conerete im about the same 
time, and for approximately the same cost as corresponding steel 


ships, which would indicate that with more experience in the art 


it will be possible to reduce both the cost and the 


time for con 
struction. As regards the length of life of conerete ships, no 
sufficient data are available, and the brief experience of vessels 
afloat has disclosed no serious inherent weakness to shorten the 


lie ol a 


conerete ship. (Report read at the Convention of the 
Feb. 16-18, 
and Ships, H. ¢ 
Abstracted through Engineerme 


Mar. 4, 1920, pp. 463-464, 9 


Institute, at Chicago, 


( ommiuttes or Reimtorced Conerete Barges 


Turner, Chairman 
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Rate of Propagation of Flame in Mixtures of Methane and 
Air; Photographic Analysis of the Flame: 
Detonation Wave 


Wheeler In a previous paper the authors discussed th 
initial “ uniform movement” of flame in gaseous mixtures The 
inttorm movemet however, 1s only one phase in the propagation 
of flame and is of comparatively short duration. The speeds at 
tained by the tlame during its régime are slow compared with the 
speeds during other phases in the propagation of flames in mix 
tures wherein no detonation wave as developed 

A knowledge of the speeds of flame suel <tures as methane 
ind air is of cons rable importance, tor exat connectiol 
vith he sate working ot coal n es and also indirectly ) 
nternal-combustion-e1 rine des 

The present paper deseribes experiments rela ¢ to phases 
other in the uniton novement during the horizontal propag 
on ol n mi ires O ine il! | e experin 
were carmed out in tubes ot ailere nsions and materials 
measurements ol speeds having been made by the sereel re 
met hoe Supplementary information was obtained by photo 


Lhe analvs s of the tlames 


i 
The experiments were carried out first on ignition at th open 


a tube closed at the other end: next, ignition at the closed 


end of a tube open at the other end; and finally, ignition at one 


a tube open at both ends. 
Taking the case of d of a tube 


the other end, the initial phase of propagation of 


ignition at the open e1 


closed at 


flame constitutes 


the “uniform movement.” 


The lmear duration of this phase is controlled by such factors 


as influence the establishment of resonance in the column of 


gases 


in the tube, among these being the speed of the flame and hence 


the composition of the inflammable mixture, length, diameter and 
tube. 


uniformity of bore of Eventually, as a direet outcome of 


the establishment of resonance, the flame front acquires a periodic 


undulatory motion, leading sooner or later to 


violent vibrations 


which vary considerably in amplitude but remain periodic. 
During the vibratory movement the oscillations of the flame are 
of wide amplitude and the mean speed of translation of volume is 


considerably enhanced. 


Lechnik und Wirtschaft. Verein deutscher In 
genicure, vol. 12, no. 11, Nov, At 
THE PROPAGATION OF FLAME IN MIXTURES OF METHA) AND 
Air, Pr. I—Horizon rat Propagation, Walter Mason and Richard 
| 
; 
| 
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The vibratory movement is also an excellent example of the 
effect of agitation or turbulence in accelerating the translation of 
flame through a gaseous mixture. The effect is a mechanical 
one. During each forward impulse the flame is drawn rapidly 
through previously unburned mixture by reason of the motion 
acquired by the resonating column of gases. In a certain degree 


also the forward motion of the flame is assisted by the expansion 
in volume of the burning gases, especially when the flame is at 
some distance from the open end of the tube, so that the eseape 
of the expanded gases there is retarded. 

The two other cases are discussed in the same manner. The 
most important one probably is that of ignition at one end of a 
tube open at both ends. 

In that case it was found that the speed of the flame in all 
mixtures except the limit mixtures increases continuously over the 
whole distance traveled, and it seemed possible that the detonation 
wave might be developed if the flame could travel far enough. 

In tests with a steel tube 15.25-m. long, it was tound that the 
flame had aequired a vibratory character after traveling over 
the length of the tube. The length of the tube was then increased 
to 0 m. in the expectation that a greatly increased distance of 
travel would produee regular recognizable vibrations of large 
amplitude. The results confirmed this expectation. The propaga- 
tion ultimately become strongly vibratory, but the early stages of 
the propagation were deeply modified by the increased length 
given to the tube. Instead of increasing rapidly in speed from 
the beginning as with the shorter tube, the flames now travel from 
the point of ignition at a constant and comparatively slow speed 
over a distance of between 12 and 15 m. and then began to 
vibrate. The vibrations acquired their greatest amplitude about 
half way along the tube (as was the ease with the shorter tube) 
and continued throughout the remaining distance. 

Of these three conditions under which the ignition of mixtures 
of methane and air has been effected, the one which would ap- 
pear to lead to the most disastrous results in industry is the 
third, that is, ignition at one end of a tube or gallery open at 
both ends. 

The fastest speed of flame acquired in any experiment was 
about 60 m. per see. and was of short duration. The experiments 


have not. however, shown that a detonation wave cannot be 


developed in mixtures of methane and air at normal temperatures 
and pressure. On the contrary, the experiments with the long 
steel tube indicated that such an eventuality is possible. (Journa 


if the Chemical Society, vols. 117 & 118, no. 687, Jan. 1920, pp. 
36-47, 2 figs. in text and 3 plates, eA) 


THE PROPAGATION OF FLAME IN COMPLEX GaSEOUS MIXTURES, 
Wm. Payman. It is eustomary to deseribe the inflammation of 
a gas mixture containing, for example, hydrogen and oxygen as 
the “burning of hydrogen in oxygen.” This phrase is purel 
relative one, and it is equally correct to regard the combustion 
as the burning of oxygen in hydrogen. Thus, the upper limit ot 


inflammability of hydrogen in oxygen is the lower limit of 1 
flammability of oxygen in hydrogen. 
Mixtures of a combustible gas with air can be considered i 


similar way and burning of hydrogen in air may be considered a 


burning of oxygen in a mixture of nitrogen and hydrogen, 

For purposes of thoroughly investigating the mode of com 
bustion of complex inflammable gas mixtures, it is desirable to 
examine their behavior with “ atmospheres” other than air, the 
simplest problem being the combustion of a pure inflammable 
gas such as methane in pure oxygen. 

The present research deals, therefore, with mixtures containing 
more oxygen than air and with mixtures with pure oxygen, the 
subject under investigation being mainly the initial uniform move- 
ment of flame which is supposed to be mainly effected by the 
conduction of heat from the burning to the adjacent unburned 
layer of gas mixture as different from what is known as “ detona- 
tion wave.” 

If we neglect losses of heat to the walls of the containing vessel, 
the speed of propagation of flame during the uniform movement 
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can be regarded as depending mainly on two factors, namely, 
(1) the rate of conduction of heat from layer to laver of the mix- 
ture, which in turn depends on the difference in temperature of 
the burning and the unburned gases and on their thermal con 
duectivities, and (2) the rate of reaction of the combining gases, 
whieh for a given combustible gas will vary with the composition 
of the mixtures (presumably according to the usual laws of mass 
action) and with the temperature produced by the reaction. A 
third factor might be added, namely, the ignition temperature ot 
the mixtures, but this is perhaps dependent on the other factors. 

The mixture of hydrogen and air for complete combustion, that 
is to say, the mixture having the greatest heat of combustion, 
contains 29.6 per cent of hydrogen, but the mixture in which the 
speed of the uniform movement of flame is greatest contains 
about 38 per cent, or nearly 10 per cent in excess. 

Two series of determination of the speed of the uniform mov: 
ment of flame in mixtures of oxygen with an atmosphere of 
nitrogen and methane and one of nitrogen and hydrogen haves 
indicated that a displacement of the maximum speed mixture is 
toward mixtures containing an excess of oxygen. Further tests 
with combustible gases burning in air have shown that the addi 


ic. 11 CURVES OF SPEEDS oF UNIFORM MOVEMENT OF F 
VARIOUS MIXTURES OF METHANE AND “ ATMOSPHERES 


AME IN 


tion of either combustible gas or oxvgen to the basic mixture 


results In an increase in speed of the flame; and furthermore, in 
accordanee with the laws of mass action, the displacement is 
cvreater on the addition of oxygen than on the addition of methane, 
due to the tact that the combination of one molecule of methane 


with two molecules ot oxygen results in complete 


combustion. 
On the other hand, the displacement, according to the same laws, 
should be less with the oxygen than with hydrogen since two 


molecules of vdroge combine with one molecule of o 


XV ere , and 
experiment shows this deduction to be ecorreet 


The speeds of uniform movement of flame in mixtures of 


methane with atmospheres containing 13.7, 22, 33, 50, 66 and 100 
per cent of oxygen have been determined, some by means of an 


automatic commutator and single recording stylus, sol 


ne by deli 
cate Deprez indicators and the fastest speeds photographically. 
The results of the determinations are given in tables and also in 

The most striking results are those for mixtures of methane 
with pure oxygen. Here the maximum speed of the uniform 
movement of flame is attained with the mixture containing 
methane and oxygen in combining proportions (CH,-+- 20 
rhe result is a sharp distinction from what obtains when the 
dletonation wave is developed in mixtures of methane and oxygen, 
for the mixture mn which the speed of the detonation wave is 
greatest contains equal proportions of methane and oxygen. 

The retarding effect of addition of methane to the mixture for 
complete combustion (CH,-+ 20,) is well illustrated by photo- 
graphs given in the original article. In such a ease, either 
methane or oxygen acts exactly like an inert gas, such as 
nitrogen, and in tact, methane, having the highest specific heat of 
the three, has the greatest retarding effect. 

In the latter part of the article the writer gives the method of 
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ealculating mixtures so as to obtain riven unitorm speeds of 


flame move ment, (Journal of the Chemical Socie ly, vols. 117 & 
115, no. GS7, Jan 1920, pp. 4s 58, 6 figs., eA) 
POWER PLANTS 
Ash- and Coal-Handling Equipment 
ASH- AND CoaL-HANbLING Equipment, W. O. Rogers. In an 


titled 


seribes an interesting system of ash 


\ 


article e Power Drives for Rolling Mills, the writer d 


and coal-handiing equipment 


installed at the new power plant of the Republie Iron and Steel 
Company at Youngstown, Ohio Ashes from the stoke the 
boilers are deposited in an individual three-outlet iron as opper 
lined with red brick The outlet of the ash hoppe1 rovided 


Fic.12 Asn Hopper anp ASH GATES AT THE ROLLING-MILL POWER 
PLANT OF THE REPUBLIC IRON AND STEEL COMPANY, 


YOUNGSTOWN, OHIO 


are dumped into motor-operated cars having a eapacity of 50 
cu. ft. The loaded car is run to a hopper from which the ashes 
have elevated to the top of the hoist and automatically dumped 
into a chute leading to a bin from which they are loaded into 
railroad cars for removal. 

The operation of the ash hoists is of interest. When the ash 
handler desires to elevate a load of ashes that has been dumped 
into the hopper, he presses a starting switch to start the 50-hp. 
dc. motor. When the 70-cu. ft. capacity skip nears the top, a 
resistanee coil is cut in on the cireurt, which causes the motor to 


slow down. When the ash bucket reaches the dumping position, 


the e:reuit is automatically cut and the bucket stops long enough 


to discharge its contents. By means of a relay switch on the 
control board, after the bucket has remained at the dumping posi- 
tion a sufficient length of time to dump, the current is automat- 
ically applied to the motor, which has been reversed by means of 
a limit switch, and the bucket is sent to its original loading posi- 
tion ready to receive another load. The cycle comprises a period 
of 24% minutes. 

Coal is delivered from railroad ears into a rack hopper, from 
which it is conveyed to the crusher by means of an apron-type 
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conveyor 65 it, jong, center to center, and 36 wide This eou 
veyor has a capacity of 180 tons per hour at a speed of 40 ft 
per min, Power to operate it 1s taken from the crusher shat 


transmission by means of a chain drive to the hoist countershat 
ol the conveyor drive 

lhe erusher is of the four-roll type, each ro ay 36 in. 
diameter and 36 in. tace. One pair of rolls is held rigis pos 
tion, while the other pur is provided with hi ' 
strong enough to press the coal ar et peru 
ease a loreign substance is en eres I} 
eonveyvor are opera ed b i LOO-} mp 
850 rp.m. ihe capaeity ot tl her 

our 

Col ill ( ( ( ( I 
burna vith their 5, J } mat 


Tests of Canadian Fuels: Distribution of Heat Losses: 


Factors Affecting Efficiency of Boiler Furnaces 


RES Ss STEAMING Tests | 
STATIO () AW Ihe paper gives eS or 
ests W Canadian coals and as such is mainly I a terest 
Some remarks are, however, of general interest and ar reported 
nere 

| “is were conducted in a Babeoek & Wile x Vater-tT ibe 
boiler having 677 s« It. OL heating irlace som the tests 
were conducted on a gyrate area of 25 sq. tt. wit an alr space ot 
i! e bars: others on a orate area ol <1 t. witl 
an air space 0 in. between the bars, 

As regards losses, the following remarks are oun Line 
repo! Ihe pal ea loss was that d nea 
of the flue gases, which, in this ease, does not include that due to 
Line ul madensec steam. The ariation ot the Oss e to the 
escaping hot gases for approximately the same boile: tput 1s 
due almost entirely to the change in the amount of excess air. <A 
figure is introduced showing the relati betwee io of 
Lhe lue-gas total eat loss to the heat use lly mp | ol 
steam raising and the ratio of the otal air suppl e alr 
whose oxygen content 1s combined with the fuel (tl relation 1s 
expressed as a straight line). This air ratio is caleulated from 

2] 
the flue vas analysis, and 1s equal te - where O. and N, 
7 4) 


represent the volumes of oxygen and 
9] 

and — tli 


nitroge! in the Tue gas, 


ratio ol oxygen to he 


nitrogen in the atmosphere. 


2] 100 XL 
700 (3 (] ] represents the ratio o 4 


to air required in terms of the earpon dioxide content of the fl 1¢ 


(X) tactor L, 


expressiol supplied 


ras and the 


which depends upon the chemieal con- 

stitution ot the eoal, and is equal te H » where 


H, O, and C 
oxygen, 


represent the relative weichts the yarogen, 


and carbon contents of the fuel. This expression holds 


fuel 
with the flue gvgas—are earbon. 


] 
( 


good only tor complete eombustion ota 
uents pass off 


whose onstit- 


which hydrogen 
and oxygen. | 

As regards the variation in excess air, it is found that the air 
ratio was less when using a grate of 21 sq. It. area with 1/-in. 
air spaces than when using a grate of 23 sq. ft. area and 14-in. 
air space for the same fuel, and approximately the same rate of 
steaming. On the other hand, it was found that the excess air 
increased with an increase of rate of combustion for the majority 
of coals. 

While a change from the grate with small to one with larger 
air openings reduced the excess air loss, it was found that the 


loss due to unburned solid fuel increased for the trials with the 


with gate rig. Jo) operated on rollers and actuated pneu- 
matically by a plunger controlled by a four-way valve, The ashes ; : 
pp. -J1-2U0, figs., a) 
| | | 
etl 
— | 
Ne | 
| 
]- 
| 
| 
| \ 
\ 
| J 
\ 
3 


242 MECHANICAI 


larger air space and that this loss tended to inerease considerably 
with an increasing ash content. 

Briefly then, burning coal on a grate with ¥%4-in. air spaces, 
tends to cause the loss due to solid unburned carbonaceous mate 
rial to be less and the loss due to the escape ol flue gases to be 
greater than when using a grate with '-in. air spaces. 

The principal reasons for the variation in the radiation, and 
inaccounted-for loss, where the rate of steaming remains the 
transmitted from the hot 
and ineandeseent fuel through the boiler setting, and in the varia- 


same, are variations in the heat gases 
tion of the undetermined combustible content of the products ot 
combustion. 

A number of figures are plotted in the original report showing 
the total loss due to unburned and the 


radiation, gases 


unaccounted-for loss. These figures are plotted on a base repre 
senting the ratio of the air supplied to that used tor combustion. 
While no attempt has been made to plot a eurve showing any 
general law, it would appear that the loss tends to decrease with 
an increased air supply. 

An increase in the air-supply ratio may be expected, there 
fore, to be accompanied by a decrease in the loss due to incom 
plete combustion and by an increase in that due to the increased 


mass of gas escaping at a high temperature; and the efficiency 
of the boiler, based on the solid combustible consumed, will show 


the net result of the change. 


In general, it would appear that the predominant effect of the 
increase in the air ratio for any particular fuel is to lower the 


efficiency, but this must not be considered in the light of an 
absolute law. 
Mines, Canada, Ottawa, 1920, pp. 3-85, 41 charts, eA) 


BoiLeR AND FurRNACE TrEsTING, Rufus T. Strohm. Recommenda 
tions for simple tests of a particular character, the purpose of 
which is to find out how efficiently the boiler is working. 

The test is of the nature of an evaporation test and comprises 
the determination of the total weight of coal used during the 
test, the duration ot which is recommended as 8 hr.; the total 
weight of water fed to and evaporated by the boiler; the average 
temperature of the feedwater; the average steam pressure in the 
boiler. 

The methods of determining these factors and simple formule 
for ecaleulating results are given, as well as recommendations for 
using the results. (Bureau of Mines Technical Paper 240, reprint 
of Engineering Bulletin No. 1, U. S. Fuel Administration, Wash 
ington, 1920, p) 
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High-Vacuum Mercury Pump with Provision for 
Storing Gases Exhausted 
High-VacuuM Mercury Pump with PrRovIsSION FoR THE PRES 


ERVATION OF THE EXHAUSTED Gass, A. Beutell and P. Oberhofter 
Both mereury pumps of the Sprengel type and such mechanical 
pumps as the Gaede have the disadvantage ol possessing no pro 
vision tor conveniently collecting and preserving the gases ex- 


I This becomes of 


hausted trom a hig vacuum, 
that I 


subject ol 


Importance now 
aroused in the 
In the 

article a pump is described with which it is possible to collect the 


a considerable amount of interest has been 


vases occluded in minerals and metals. prese nt 


from a high vacuum. It is stated that the new 


gases exhausted 
arrangement does not materially affect the rate of operation of 
the pump; thus, the 500-ce. container may be exhausted to a pres 
sure of 0.0007 mm. in 10 min. and to a pressure of 0.00011 mm. in 
20 min. Furthermore, if it is not desirable to collect the exhausted 
gases, the operation of the pump is not affected in any way. 

As seen from Fig. 13, the pump is of the water-jet type, but the 
exhausted gases are not directed as usual into the water jet at NV. 
Instead, there is inserted the small tank EF between the downward 
tube Fa and the upward tube St, this container being equipped 
with a three-way cock. The upward tube St is provided at its 
lower end with an expanded section, the purpose of which is to 
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(Bulletin No. 27, Mines Branch, Department of 


THe JOURNAL 
Am.Soc. M.E 
prevent the flow of air from L into the container EF. This made it 
necessary to increase the dimensions of the container NV, the pur 
pose of which is to take up the mercury displaced by the gas col- 
lected in 

Beeause of this the amount of mereury used in the present pump 
is about 100 ee. as compared with about 20 ec. for similar pumps 
previously used and having no provision for the collection of ex 
hausted gases. 

Instead of the asbestos stopper formerly used for regulating the 
a thick-walled 
capillary tube protected against penetration of dirt into it by an 


air admission at L, there is now welded in there 


Water- 
mp 


io} 


Je Pi 
wall 


AVS 


hic. 18 AND OBERHOFFER HIGH-VACUUM PUMP WITH 


VISION FOR THE UVRESERVATION OF EXHAUSTED GASES 


vlass tube closed at one end, Tl e 


cock \ AL tlie 


instead of the 


other three-wa' 


top of the tube lkewise employs a capillary tube 


normal asbestos stopper for the purpose of safely admitting air to 


the pump against the vacuum therein. 


The operation of the pump does not materially differ from that 


of similar pumps previously deseribed. In addition, the articie 


miker Zeitung, 
1919, pp. 705-706, 4 figs., d 


deseribes an apparatus for gas analysis. (C/ 


| » no. 125, Oct, 16, 


RAILROAD ENGINEERING 


Steam and Electric Propulsion for Railroads Compared: 
How the Railroads Utilize Their Fuel: Standardiza- 
tion of Frequencies; Electric Locomotives 
TH 


Armstrong. 


ENGINE, A. H 
last stand of the reciprocating steam e1 


Last STAND OF THE RECIPROCATING STEAM 
By 
gine’ the author, who is Chairman of the Electrification Commit 
tee, General Electric Company, refers to the steam operation of 
railroads. 

In brief, he claims that where applicable the electric locomoti 


APRI 
1920) 


is more reliable and more economical from the point of view of 
elleect 
that many roads of lean tonnage should not be immediately elec 


fuel consumption. He makes a reservation, however, to the 
trified, as they would render no adequate return upon the large 
¢eapital investment required 

To illustrate the present situation he gives Table 1, showing the 
subdivision of the tonnage passing over the tracks of our railways 
(The souree of the table is not indicated). 
total 


regarded as funda 


The tirst four items, representing nearly 85 per cent of the 
ton-mules made during the vear 1918, may be 
mentally common to both steam and electric operation. By intro 
ducing electric propulsion the last four items are considerably out 


and it is claimed that approximately 12 


clown, per cent r about 
150 billion ton-miles at present hauled by steam engines over the 
roads will be eliminated. This means that if a/l American railways 
were completely electrified they could carry one-fifth more revenue 

producing freight tonnage with no change in present operating 
expenses or track congestion. 


Another 


table would indicate that a quarter of all the coal mined 


in the United States is consumed by the railways, and the author 
¢laims that this is done with extreme wastefulness. This claim is 

rABLI rOTAL TON-MILE MOVEMENT 

All Railways in United § Year, 1918 
(ent 
1 Miscellaneous freight ears and contents 12 5.1.5,000,000,008 
3 Locomotive revenue, driver weight onl 0) 1000), 
4 Passenger urs. all classes 16.1 O00 O00 000 
5 Railw 60.600.000.000 
7 Lo 0 39 1).000.000 
ng weigl 10). 000, 008 
\BLI IRE MENTS FOR 1 S. RAILROAD=> 

1S REFERRED 1 LLECTRICAL UNITS 
Watt 
Kw-hr. tota 
Coal re t kw ’ 

\ VAL SAVIN BY LECTRIFICATIOD 
Red 
Total t 
Coal or h 
Equivaler VIS 
Sav ng 
based on tests made upon the Roeky Mountain Division 
C. M. & St. P. Ry. to determine the relation existing between tl 


horsepower-hours of work done in moving trains and the coal 
imed on the steam engines in service. From thes« sts 


that the total 


water 


it would appear actual coal consumed under the en 


boiler in 24 hr. divided by the actual work performed by the 
10.18 lb. per hp-hr. at 


vine 
engine is equivalent to the driver 1 
[hese tests have also shown that the coal consumed while doing use- 
trical 
| 


ful work was raised 30 per cent by stand by losses. In ele 


constants this was found to be equivalent to 7.56 lb. of per 

kw-hr. at power supply on a basis of 55 per cent efficiency. 
From this the author proceeds to an estimate of the cost in 

pounds of coal to do the same work electrically, taking the condi- 
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tions existing on certain western railroads. To do this, the ton 


Table 1 


rom this he proceeds to the eonstruction ol Table 3 sl owing the 


mile values of are reconstructed into those of Table 2. ’ 


saving of coal by electrification again on the basis of Table 1. 


122, 


burned 


The startling conelusion arrived 
500,000 tons of coal, or more that 


at is that approximately 
two-thirds the coal now 


in our 63,000 steam engines, would have been saved during the ~ 


year 1918 had the railways of the United States been completely 


electrified along lines fully tried out and proved successful today. 
The author claims this estimate is probably too conservalive as 


no allowance has been made for the extensive utilization of water 


power which can be developed to produce power more cheaply than 


by coal in many tavored localities. On the other hand, one should 5 
bear in mind his previous statement that many roads of lean ton 
nage would render no adequate returns upon the large capital in 
vestment required by electrification. It would appear, therefore, ’ 


that essentially the question is more economic than technieal 
Of interest in this connection is a passage at the end of the 
paper referring to the study of the eongested tracks of the Balti ~ 
more and Ohio Railroad between Grafton and Cumberland. Com 
pany coal movement in coal cars and engine tenders constituted 
over 11 per cent of the total ton-mileage passing over the tracks ; 
a 
= F} 5-5 
= 
4 
6-7 
WEIGHT- LOCOMOTIVE & TENDER 414500 & STEAM PRESSURE y 
WEIGHT OF TENDER 154000 - ATING SURFACE Mi4 te 
WEIGHT ON ORIVERS 201,000 - GRATE AREA 486 
CYUNDERS TRACTIVE EFFORT 46630% 
EA 
WEIGHT ON DRIVER 32.5500 RATE AREA 
CYLINDERS 
} | | 
oe y or wo or - we v- 
WEIGHT OF MECH EQUIPME 528000 
War ore QUIPMEN 240K 5 
we A 8 4 
WEIGHT ON ORIVER 45Q00C 
= 
WOIGHT OF MECH COVIPWENT 2960008 woTor 4 
WEIGHT OF ELEC EQUIPMENT 235D00- TYPE OF MOTOR CE ys 
WEIGHT ON ORIVERS 45Q000- TRACTIVE EFFORT | moun 
Fic. 14 DIaGRAMMATIC COMPARISON OF STEAM AND ELECTRIC 
LOCOMOTIVES 
| 
il el Vords, du ) ‘ ery ‘ 
equivalent one rail every 1 line l i 
d el cs 
| issumed nat Wi the elect 
tires acks now badly congested W steam-er 
nage could earry SO per cent more ely 
Attention is called to Fig. 14 which gives an interesting com 
parison between steam and electric locomotives Journa 
imerican Institute of Electrical Engineers. vol. 39. no Ma 
1920, pp. 209-218, 11 figs., d . 


The United States Bureau of Mines announces that it as «t 


veloped a novel method for giving a 


which compressed 


smelling substance is injected into th 


al 
air is used throughout the 


e 


ver warning in 


workin 7> 


compressed-air lin 


within a few minutes the odor is spread throughout the 
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STEAM ENGINEERING (See Railroad Engineering) 
VENTILATION 


Ozone Air Purification 


Fresu-Arr Prosiem, E. 
tested out in the publie 
The Head of the Hygiene Department 
Edueation of St. Louis the Building 
Department with the complaint from one of the downtown schools 
that 


OZONE AS THE SOLUTION OF 
Hallett. Deseription ol 
schools of St. Louis, Mo. 


ot the 


THI 
installations 


Board of came to 


the air was so bad in some rooms that teachers threatened 


to resign on the advice of their physicians. The writer proposed 
to the 


Hygiene Department to test the application of ozone. 


The ozone apparatus was set up in the air passage between the 


air washer and fan, and regulated to produce just sufficient ozone 


barel 


to be vy detected by the odor on entering the building, but 
not enoug! The 

actual disappearance of all the stuffy conditions and bad smells 
The teachers stated that the conduct of the ehil 


dren as to lessons and behavior was noticeably better. 


to make one conscious of an odor, result was the 
complained ot. 
Colds and 
coughs nearly disappeared. No contagious diseases developed 
during the six weeks’ trial, although the influenza was epidemic 
In fact, during the period of an 
the attendance was 30 per cent higher than t 


attendance for this school. 


at this time. influenza epidemic, 


ie gene ral average 


The experiment was then transferred to a colored school having 
the plenum system with the Zellweger air-washing fan and with 
complete recirculation of the air. The ozone machine was set up 
just back of the fan, the ozone acting upon the water of the air 
washer as well. In this test the pupils and teachers were weighed 
weekly and a close inspection made by the staff physician of the 
Hygiene Department. About 75 per cent of the children gained 
in weight on an average of about one pound, about 5 per cent lost 
weight, while the rest suffered no change. 
170 lb. eaeh lost 
duration of test not stated). 
fort was noted. 


Several very stout girls 
from 5 to 8 lb. weight (total 
No indication of illness or disecom- 


weighing about 


No contagious diseases occurred in this school 
and colds were noticeably less. 

The coal consumption was measured, and in comparison with 
days of equal outside temperature the coal used was almost exactly 
half. 

Agar plates were exposed in a room filled with pupils and 


one 
showed an average count of bacteria of which was extremely 
low, indicating that the ozone had destroyed the active germs of 
the air. 

These and other tests during a year’s period indicated that ozone 
destroys all odors resulting from the respiration, bodies and eloth- 


ing of the children, and produces a mild exhilaration resembling 


that of a sea breeze or the air on a morning after a thunderstorm. 
It appears from limited data to be 


it is believed that 


a preventive of influenza, and 
its introduction 
remove the necessity for open-a 


in ventilation would probably 


r schools now common in most 


e1ties. 

The maximum concentration should be too low to give an ozone 
odor, and if used up to this concentration is safe for ventilation. 
Persons not used to ozone in air must be employed for detecting 
the air, as the sense of smell for ozone quickly declines when 
exposed to it. 

The writer developed a standard which may be used in de- 
termining in advance the proper concentration for any given 
volume of air movement or for a given number of occupants in 
a room. 

This standard was developed after ascertaining that with a 
riven voltage and with a given thickness of dielectric the amount 
of ozone generated was proportional to the number of brush dis- 
charge points of the generator. 

The most satisfactory apparatus uses 4000 volts alternating 
current from a static transformer, all included with the ozone 
generator unit, which uses a micanite plate dielectric 0.040 in. 
in thickness and aluminum points spaced approximately ¥% in. 
apart. 
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Am.soc, M. i 
It was observed that 600 brush points made just enough ozone 
for 1000 eu. ft. of air from the blast fan. 


This test was with rooms filled with 45 to 50 children much 


below the average in cleanliness. For rooms oceupied by 


people, the brush points or voltage should be reduced 
ditions are to remain constant, some points should be disco: 


} 
be ins 


but with varying conditions a controller shou 


regulate the voltage by taking taps out of the primary of the 
transtormers 

Where the air is recireulated in whole or in part, the ozone must 
be eut down to the point where no ozone odor is noticeabl In 
fact, the revitalizing of the air of the average school room wher 
recirculating 90 per cent of the air will be effective done witl 
half the maximum stated above The writer bel s tha hie 
de lay in the use of ozone in ventilation is been du ‘ niais made 
with too high eoneentration and to the absence ot a yrmation 
on a means of control. 

Ventilation for its final effect depends or 
surrounding the building, and if the buildin ‘ | 
or hospital, is located in an unhealthy neighb itior 
is apt to do more harm than good. Ozone, by killing the germs 
in the air, practically creates clean air and is i ‘ ts 
effect on the location of the building to be ventilat 

The writer proceeds to show a heating system de n the 
light of these tests. It has no air washer. Paper presented at 
the Annual Meeting of the American Society of Heating and 
Ventilating Engineers, Jan. 27-29, 1920, under the tle, An 
Advance in Air Conditioning in School Buildings Compare 


Heatina and Ventilatin 


25-29, 1 fig., ed 


q Maga We, vol l7, no. Z, Keb 


THe Detection or INVISIBLE Opsects By Heat R 
In 1918 the I nited States Army started to devise methods for 
detecting men and inanimate objeets which were at a higher te 
perature than adjacent things by means of the emitted radiation. 
A thermopile was placed at the ftoeus of a parabo nirre! 
The radiation from the warmer object fell on the mirt ind was 
reflected to the thermopile where if prod wed an elect! irrent 
which was observed by means of a galvanometer. It was possible 
to detect a man 600 away. “A man lving in a depressior 


the ground at a distance of 400 ft. was detected unfailingly as 


soon as he showed the upper part of his face above ground.” 
Secret signaling could be carried on by covering and uncovering 
the face. This apparatus was sent to the A. E. F. in August 


1918. 
An aeroplane at 
such an instrument 


produced confusion by causing as large a deflection 


3500 ft. eou 


an altitude ot 


and its course followed. A wisp of cloud 


plane did, but the two possible causes were dil rent thie 


in which the galvanometer deflection began. 


In an address before the Section on Physies of rican 
Advancement of Science, St. Louis, December 
1919, Prof. Gordon F. Hull ealled attention to the rathe: 
fact that in the official manual for the U. S. rifle the value of the 
ballistie coefficient of the ordinary service rifle bullet of 0.30 in. 


Association for the 


peculiar 


caliber is given as 0.3894075, “as determined experimentally at 
the Frankford Arsenal.” Commenting on this he said: “ The ex- 
perimental skill which ean determine to an accuracy indicated by 
several places of decimals a quantity as highly capricious as the 
so-called ballistic coefficient, is of rather questionable value.” 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as ¢ compara- 
tive; d descriptive; e experimental; g general; / historical; m 
mathematical; p practical; s statistical; t theoretical. Articles of 
especial merit are rated A by the reviewer. Opinions expressed 
are those of the reviewer, not of the Society. The Editor will be 


pleased to receive inquiries for further information in connection 
with articles reported in the Survey. 
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ENGINEERING RESEARCH 


A Department Conducted by the Research Committee of the A. S. M. E. 


Co yperal ive Research 


T PRESENT seven associations of manutact 
Py porting research at the Mellon Institute at Pitt 


La } ] ting ng ‘ 
Refract Moar \ t | (MMM) 
Cont Ciub Aw) 

Ol «le l heat ins he T 
the Ashe Paper Manufacture) ure ! ‘ e of 
standars the speeifieatior tor hestos tex ) os 
miiboard rhe Rex pra Is tor the 7 I 

prov r tine inulac ire o c1des | 

lellows aevoted to ti nvestivation of ite perma 

nency Of colors, stains and dyes. The Leather Beltine 


is for the purpose of determining the con parative pov 


capacities of leather belts with substitute he. 


of the Refractories Association is for the purpose of « rmining 
standard tests to be used in man ifacturing The Cont r Club 
fellowship is in connection with the development « paper 
tester and the testing of fiber board with this Ins 


A—Researcu Resvuuts 


The purpose of this section of Engineering Researel 
the origin of research information whic! 


has been eompileted to 


give a résumé of research results with formule or curves w e1 o 


such may be readily given, and to re port results of non-extensive “quivalent Register Temperature a0ve 65 ner 
researches which in the opinion of the investigators do not warrant 
Fic. 1 Curves Snowine Errex REGISTER 
& paper. LEADER CAPACITY 
Apparatus and Instruments A3-20 Gage for Small Press eS The 
Wahlen guge was developed by W. G Wahlen the Engineer Fuels. Gas, Tar and ¢ rhe 43-20 Wood The fue va of i is 
ing Experiment Station of the University of Illinois It is sen- given by the Forest Products La} ‘ Ty — iry 
sitive to O.0001 in. of water It is composed of a rigid base on wood of ar non-res S species | he heat va l lb 
fevellng screws with two large glass bulbs communicating t igh of good con R n gives tw Ss much heat ‘ 
a special inverted U-tubs One of the bulbs is controlled by a As the average amount of resin is 15 per cent, tl ses 
micrometer caliper Alcohol of density 0.8195 is ised in the the heating value 20 per cer . rd of hickory ech, 
bulbs and part of the U-tube. It is col red with aniline dye to birch ird ma s! ( is long-leaf pir ry 
give a red color. The upper part of th U-tube is filled with a is equal to one ton of coal: and 1\, rds of short i ne, 
mixture of turpentine and ligroin of density 0.810 The gages Western hemlock red gum, Douglas fir. sycamore and s iple 
are tirst balanced at zero with both ends open The pressure ire equa one ton of coa Two cords of ced vood 
connection is then made and the movable carriage is adjusted poplar, catalpa, cypress, basswood spruce ¢ hit ) are 
to bring the meniscus in the U-tube to its reference point By equal to one ton of eoal Forest Products La i Madison, 
using a U-tube with legs of different sizes accurate obs rvations Wis Address Director. 
may be made. This gage may be used with pitot tubes for the Heating A5-20 Warn Air Furnaces Bulletin No, 112 En 
calibration of instruments or the measuring of low air currents. gineering Experiment Station of the 1 hiversit f Illinois, on 
Address Engines ring Ixperiment Station, Univers ty of Illinois, the Progress o he Wat \ I nace Research, by A. ¢ Wil- 
Urbana, Il. C. R. Richards, Director. lard, has beer ssued The report describes th ul of 
Apparatus and Instruments Aj-20 Radiation Effects on Thermo- Measuring temperature and allowing for the rad ition eff he f 
couples In determining the temperature of the air in hot-air method of measuring air at Ww ve ties w eters and 
leaders of a warm-air furnace. the Experiment Station of the Uni- pitot tubes using the Wahlen gage ac irate to O.0001 in. of 
versity of Illinois has found that the radiation from the thermo alcohol. Researches indicate that ; square j t leader pipe 
couples affects the temperature rr ading shown by them. The on the first floor has a far less heating and carrying valy than 
temperature of a leader was determined by a thermocouple when that for second- or third-floor eader pipe. The tests indi ate 
the leader was uncovered and when the leader was vered with that the capacity of a warm-air furnace system is er: re- 
hair felt. If the temperature of the air going to the leader was duced by dampering leaders to the upper floors The tempera- 
found to be the same in each case, the differenc: shown in the ture at register faces should be 175 deg. fahr. The amount of 
leader would represent the Joss due to radiation. This was found heat delivered per square inch of leader area is given | the 
to be 26 deg. fahr. when th. temperature observed was 195 deg three curves in Fig. 1. he efficieney of the furna lled 
fahr. Engineering Experiment Station. University of Illinois, is shown by the curve in Fig 2, be hich is s t nge- 
Urbana, Ill. Address (C R. Richards, Director. ment of the installation. Eng neering Experiment Stat Uni ; 
Buildings A1-20 Vibration. A pri liminary report by the Aberthaw versity of Illinois, Urbana, T] Address Director C. R. R irds ‘ 
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has been issued This gives tatement of e re from 
1135 replies in connection with thi nvestigatio I port 
hie recording vibra method and type of constru reduc- 
name « association, the number of companies and ¢ mount ion of efficiency and pros ! aused by y f ri- 
subseribed for the fellowship foundatio n each cas . in ments in var IS forms of 1 methods of al rbing Dratior ; 
the fc wine tal methods of tracing vibration, types of } ing la methods A 
of design Address Aberthaw Constr on Compa 
M \mount St., Boston, Mass 
els, Ga Tar and Coke A The Comnarat \ 
A 1 - I ara ve I 
by M. K. Thornton, Jr.. sued |} e Texas Enging > 
tion, College Station. Tex Addre 4 Nag 
260 
240 
5e 
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Hydraulics Al-20 Sewage Sprinkler Nozzles and Coefficient for Dis- 
charge. The discharge from sewage sprinkler nozzles can be rep- 
resented by the equation Q = CA y (2gh) after the head on the 
sprinkler is greater than 1% ft. At lower heads the coefficient 


decreases. The exponent of the head is practically 0.5. Seven 

different nozzles were tested with the following coefficients : 
0.648 
Worcester round nozzles, 13/16 in 0.060 
Worcester round nozzles, 11/16 in 0.675 
Priestman-Beddoes round 0.569 


Internal-Combustion Motors Al-20 Spark Plugs. The Fifth Annual 
Report of the National Advisory Committee for Aeronautics will 
contain a report on the properties and preparation of cerami 
insulators for spark plugs. Report No. 53, in four parts, gives 
the results of research and development work conducted by the 
sureau of Standards at the instance of the National Advisory 
Committee for Aeronautics. A discussion is given of the methods 
for measuring the resistance of insulators at high temperatures 


and the method finally adopted for this work is described. Re- 


70 


Combustion Hare: 474,La9geq Wa Z| 


Combustion Rate =489 
\ 4-5 Combustion Rate- 6/6 


S 


,No./ 


LIV C1eICY, %o 


9 | 
i Combustion Rate =477 
50 4 4 > 4 
Combustion Rate = 423 
140 750 760 770 780 790 200 
L£qvuivalent Register Temp., °F. 
( \\ Note: Based on air entering 
de furnace at 6s? +P 
= ~/3° Hair Fe/t-—_ 
Pic. 2) ErFIcIeNcyY CURVE FoR A FURNACE OPERATING AT VARIOUS 


REGISTER TEMPERATURES AND RATES OF COMBUSTION 


ults of tests of a large 


number of insulating materials at hig 
temperatures are tabulated and their significance discussed, The 
preparation and composition of ceramic insulators is outlined 
and compositions are given of new porcelains having superior 
properties. Results of an experimental investigation into the 
corrosion effects and permanency of various cements for spark- 


plug electrodes are discussed. 
entitled as follows: 
Part 1 Methods of Measuring Resistance of 
Temperatures, by F. B. Silsbee and R. 

Part II Electrical Resistance of 
at High Temperatures. by 
Fonseca. 

III Preparation and Composition of Ceramic 
Spark Plug Insulators. by A. V. Bleininger 

IV Cements for Spark-Plug Electrodes, by H. F. Staley 
Address National Advisory Committee for Aeronautics, Wash- 
ington, D. C. 


The four parts of this Report are 
Insulators at 
K. Honaman. 
Various Insulating Materials 
R. K. Honaman and E. L. 


High 


Part 


for 


sodies 


Part 


Light Al-20 Reflectometer. The Bureau of Standards has developed 
a new reflectometer after extensive experiments. The instru 
ment is to be used to determine the amount of reflection from walls 


from 

nine-tenths of 
diffusing 
small 


to rooms. It consists of a small metal sphere 
has been removed leaving 
surface It is painted inside with a 
a beam of light is projected through a 
the surface which is to be tested. The 
with the standard surface or 
painted with the same paint as the sphere. Bureau of Standards, 
Washington, D. C. Address S. W. Stratton, Director. 
Lubricants Al-20 Solid Lubricants. The Department of Scientific 
and Research of Britain has recently prepared 


which a 
its original 
paint and 
the wall to 
surface may be 
with a flat surface 


eg 


ment about 


white 
hole in 
test 
compared 


Industrial Great 


ai memorandum on solid lubricants. This can be obtained for 
sixpence from H. M. Stationery Office at No. 20 Abington St.. 
Westminster S. W. 1., London, England. The subject is dealt 
with under the following headings: 


(haracteristies of Solid 
Action of 


1 Lubricants 

2 Solid Lubricants 

> Analyses of Lubricating Graphites 

4 The Grading of Graphite 

5 Hot Bearings 

6 Methods of Applying Solid Lubricants 
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Electrical 


THe Journal 
Am.Soc. 


7 Drawbacks to the Use of Colloidal Solid Lubricants 
8 Observations on Results Obtained by the Use of Solid Lubri 


cants, 
Vining Al-20 Concentrating Minnesota Wash Ores. A new ma 
chine for concentrating Minnesota wash ores. Bulletin No. 6 
of the Engineering Experiment Station of the Minnesota Schoo! 


of Mines. Address W. R. Appleby, Director, Minneapolis, Minn 
Mining General A2-20 Panel Systems of Coal Mining, by C. M. 
Young. <A graphical study of the percentage of extraction by 
the panel system of coal mining. The paper shows that the 
greatest extraction with room 300 ft. long and 50 ft. wide on 
5O-ft. centers is only 57.05 per cent and with 40-ft. rooms 68.45 
per cent The Bulletin shows the reasons for low extraction 
the advantages of high extraction and the method of investi 
gating the percentage extraction Engineering Experiment Sta 
tion, University of Illinois, Urlana, Tl Address Director 
Propertics of Enaginecring Materials 1) Boiler Plate at Elevated 
Temperatures A series of tests on cold-rolled boilet plate ut 
temperatures has just been made. The curves from the tensile 
tests show the same variations as those obtained with tempera 


ture increases on hot-rolled plates with the exception of the 
from 475 deg. falir. to deg. fahr., where the proportional 
limit suddenly increases and the reduction of area shows a distinct 


rane 


decrease The tensile strength also registers a sharp change 
Bureau of Standards, Washington, DD. C. Address S. W. Strat 


Director 
Pr 
roperties of 


ton, 
Materials A5-20 and Indiana 
Investigations on the properties of commercial gran 


(;ranite 


Limestone 


ites of the United States has been commenced and tests have 
been completed on twelve varieties used in the eastern part of 
the country Seventy-two samples of Indiana limestone have 
been studied and the results are available for those interested 


in the subject. The summary gives the tensile strength, transverse 


strength, absorption, porosity 


and weight per cu. ft Bureau of 

Standards, Washington, D. C. Address S. W. Stratton, Director 
Properties of Enginecring Materials A6-20 Over-Sanded Concret 

In order to make certain concrete mixtures more workable it has 

been proposed to introduce additional sand The Bureau of 


Standards 


33:3 


has investigated a 1:2:4 
ure of the 


ONS Ib 


limestone concrete and i 
mixt After 2S days the latter 


mixture 


same substances 


gave per while the former gave 76S lb 


sq. in per 
sy. in. The latter sample took 487 Ib. of cement per cu. yd. while 
the former took 5OS Ib. per cu. yd. This shows the advantage 
of over-sanding. Further tests are under way. Bureau of Stand 
ards, Washington, D. C Address S. W. Stratton, Director 

Wood Products A6-20 Gluing When large glue joints are to b 
made, high strength of the whole joint is obtained by heating 
the wood for 10 or 15 min. to a temperature of 120 deg. fahi 
before gluing. Forest Products Laboratory, U, S. Forest Se1 
Madison, Wis Address Director 


B—ReEsEARCH IN PROGRESS 


The purpose of this section of Engineering Researeli is to bring 


together those who are working on the same problems for coopera 


work 


and to intorm the profession of the investigators who are engaged 


tion or conference, to prevent unnecessary duplication ot 


upon researeh problems The addresses of these investigators 

are given for the purpose of correspondences 

dircraft B3-20 Model Tests The theory of model tests of flying 
boats. Address Curtiss Research Laboratory, Curtiss Engineer 


ing Corporation, Garden City, L. I 


Lircraft Gradients. 


Bj 0) Static Pressure The theory of stat 
pressure gradients in wind tunnels; method of eliminating pres 
sure gradients and short method of correcting for pressure gradi 
ents Address Curtiss Research Laboratory, Curtiss Engineet 
ing Corporation, Garden City, L. I 

lircrajt B5-20 Pressure Gages. Absolute pressure gage for wind 
tunnel work. Address Curtiss Research Laboratory, Curtiss En 
gineering Corporation, Garden City, L. I 

tircraft B6-02 Cable Air Resistance. Tests on resistance of mi 


tiple airplane cables behind each other at varying amounts of 
separation. Address Curt y 
City, L. I 

ipparatus and Instruments B3-20 
Tunnel Work 
search Laboratory. 
Garden City, L. 

Chemistry, B1-20 Fixation of Atmospheric Nitrogen An 
investigation of a number of factors for increasing the efficiency 
of the are process in the fixation 
Prof. E. A. Loew and F. K. Kirsten, Engineering Experiment 
Station, University of Washington, Seattle, Wash. Address 
C. E. Magnusson, Acting Director. 

Communication B1-20 Multiplex Radiotelephony. An 

investigation for sending five radio telephone messages from same 

antenna and reception of these through single antenna. F. M 

Ryan, J. R. Tolmie, Roy Bach, A. 


engine 


iss ering Corporation, Gardet 
Absoluts 


designed 


Address 


Pressure Gage for Wind 
and constructed at 


Curtiss 


has been Curtiss Re 


Engineering Corporation, 
Inorganic 


of atmospheric nitrogen, by 


Kalin, graduate students in 
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electrical Mugineering. ugineering Experiment Station, Uni- Persona, Nores 
versity of Washington, Seattle, Wash. Address C kk. Magnus 
son, Acting Director The purpose of this section of Engineering Research is to give : 
Llectrical Instruments B1-26 Orde) and Amplitude of Harmonies 
n Voltage Waves. \ method for determining the ord and notes of a personal nature regarding the personnel of various 4 
implitude of harmonics in voltage waves by indicating meters laboratories, methods OL procedure tor commercial work or notes 
\ wave analyzer is being constructed to apply this thod regarding the conduct of various laboratories. ; 
Prof. I KF. Curtiss, Engineering Experiment Station, Univer = 
ty of Washington, Seattle, Wash Heating E1-20 The work of the Mugineering Experiment Station at 
‘truments Oscillograph convenies timing Pennsylvania Stat College onnection heating and er 
fevice for use with the oscillograph A convenient method for tilation is being conducted along the lines of obtaining the co 
roducing time waves of any desired frequeney J. KR. Tolmie. efficient of heat transmission by means of the Hot Box his 
engineering Experiment Station. University of Washington method gives the effects of conduction vell as th rrace 
Seattle, Wash. Address ( kK. Magnusson, Acting Directo) effects The work is under the direction of Prof. A. J. Wood q 
#l © Power B1-260 Trunk Transmission Lines An it gation Address Dean KR. | Sackett, Pennsylvania State Colleg State 
n the need for trunk transmission lines on the Pacific Coast by College, Pa, 
(. E. Magnusson, Engineering Experiment Station, University Heating E£2-20 Warm-Air Furnace Resear by A. C. W 
of Washington, Seattle, Wash Address C. E. Magnusson Act Among the various problems to be carried on n the researches - 
ing Direetor connected with warm-air furnace heating may be mentioned the 
filass and Ceramics B1-20  Knamels The Bureau of Standards is following 
ivestigating the formation of fish-s« aling in enamels on sheet Transmission, efficiency and apacity with arious register 
teel and also the subjeet of the relation of the composition of temperatures with draft not to exceed O02 in. of wat: Ihe 
the enamel to solubility in acids They have made oy 1M) length of firing period is also to be investigated. The heat nd 
sample enamel plates comprising 21 different enamels in th pro air-carrying capacities and heat losses in various kinds an 1Zes 
‘duction of fish-scaling and 3 enamel compositions have been of leaders and stacks are to be investigated Losses in boots and 
tested for the solubility in acids (ne of the most important registers are to be determined as well as the length and pitch of 
factors in producing fish-sealing is too severe heat treatment in leaders. Comparison of relative efficiency and capacity of va 
iring the enamel The composition of the enamel and the phys us furnaces of same grate area but of different amounts ar u 
al and chemical characteristics of underlying wetal togethe ingements of heating surface Comparison between hard- and 
vith the method of melting the mixture and the shape and weight sott-coal furnaces A study of cold air and recireulatior \ 
t the mixture are important factors The work on ti acid standard method of rating furnaces The effects of modifying 
resisting properties indicates that oxides which are che cally the design and installation Address Director C. R. R ind 
imiaroin nature do not have similar effects When incorporated Engineering Experiment Station, Urbana, I]! 
nh enamel compositions Thus caleium chloride is not » good State College, En mecring Experiment Station 270 En 
is barium oxide sureau of Standards Washington, ID. ¢ Ad gineering Experiment Station was « rganized in 194 and ree es 
dress S. W. Stratton. Director an appropriation of $55,000 per annum The complete equip 
Heat B4-20 Evaporation from Liquid Surfaces Address Curtiss ment of the Engineering School is available for the Experiment : 
ring Corporation Crarden City, L I Station The ipplication of mechanical engineering 
Internal-Combustion Wotors B3-20 Available Fuels An it tiga tural machinery neluding tractors, receives considerable atte 
ion of availab fuels for internal-combustion wit the tion lowa State College, Agriculture and Mechanical Arts. j 
iture ng suggested inifold and heater for the application of Ames, lowa Address Anson Marston, Directo: 
igh-boiling-point fuse J. G. Vincent, Packard Motor Car ¢ n feras Engineering Exrpe nt Station E1-20 Phe Texas Eng 
ny, Detroit, M ng Experiment Station ‘ ege Station Texas, has j ed 
Properties of Engineeriy Vaterials Ca rramway twenty-two Bulletins, fo mn of them dealing with highway 
Cable Loaded at One P nt, by S. Herbert Anderso \ it engineering, one wi Hemistt he With cotton ! ition, one 
Vestigatiorn to obtain lations which ompletely dese1 th With purchasing tie three with es a 
conformation taken by a flexible chain or eabl ancl with fuels Add Nagle, Director, Tex; 
ne end at a higher level than the other and loaded at anv one Experiment Stat Ag i i ind) Mechanical © g 
nt ich as a tra able or logging skvline Kauation have Texas, Col ege Statior 
been obtained for easy eomputation of tension at inv point, 
tension for given loading and position of ad for BIBLIOGRAPHIES 
iximum tension, Equation contains three constants ¢ r parame- 
ers, one Of which is expressed in terms of the other tw Con- The purpose of this seetion of Ene ering Research is to : 
tants can be determined from weight of cable per unit of length ‘ wi 
amount of load, and heights of end points ubove load. University orm ep —_— on Oo nDNOgraphies whi have bee prepared - 
of Washington Seatth Wash Address ¢ | Magnussor In general this work is done at thy expense ot the Soeiety hx 
Director tensive bibliographies require the approval of the Research Com 
Tertile Manufacture and Clothing B1-20 Methods of Deter ng mittee, All] bibliographies are loaned for a period of ons mont 
me properties Op ton fibers with respect to their manufactur only Additional copies are available, however. for periods of 
properties Phese methods are to be used in mnect] 
ermining the effect of the present manufacturing wm % two weeks to members of the A.S.M-FE. or to others recommended 
the interest of higher-speed textile machinery and 1 ‘ ‘ by members of the A.S.M.F These bibliograp!] les are on file in 
nomical use of cotton fibers Textil Research (. pany 34 the offices ot the Soeiety 
Batterymarch St., Bost n, Mass Address FE. D. Whale: Mana 


Transmission B3-20 Wood Pulleys An investigation of nv)), pages prepared by Dr, Clarence J. West of the Arthur D, Litth 


prepared fri spruce Pulleys built up in Co Li Address Arthy 1), Witt Ine Car dge, Mass 
hardwood pullevs Density of the spruce fibers Chemist 2-20 \ l Produc I f Aleol 
cCOoOmMmpressior it right angles to grain to one-half of or vinal vol Su phite Waste Lik 1Ors A bib graphy of GO page prepa 1 DY 
ume Tests being made are those for frictional drivit wer Dr. Clarence J. West of the fir of Arthur D. Litt] Ine Ad 
and investigations of mechanical strength, and are ir ge of dress Arthur D. Litt Ir Cambridg Mas 
Prof. G. S. Wilson. Engin ring Experiment Station. Unive sity of Llectrochemistry F1-20 | e Furna Desig 1 Cor tio 
Washington, Seatt Wash Address (. FE, Magnussor Acting Search 2SS0 A bibliography of 514 pages Address A. S. M. F 
Director =) West 39th St., New Yorl 
Fuels, Gas Coal and Coke F1-20 © iidal Fuels and Low Tempera 
ture Distillation of Coal A bil graphy of 1 pages Ss 
RESEARCH ProeLems “S78. Address A. S. M. E., 29 West 39th St. N w Yor 
a Heat F'1-20 Utilization of Waste Heat for Ger ting Ste \ 
rhe purpose of this section of Engineering Research is to bring bibliography of 3 pages Search 2741 Address A. S. M. 1 4 


together persons who desire cooperation in research work or to “9 West 39th St.. New York 
bring together those who have problems and no equipment with Hydraulics F2-20 Sprinkler Nozzles, by F. W. Greve and W. |] 
Stanley \ bibliography of 6 1 rences on sewage sprinl 


novzles. Address A. S. M. E.. 29 West oth St., New York 


those desiring codperation or aid will state problems for publica- 
tion in this section. 


those who are equipped to carry on research. It is hoped that 


Metallurgy and Me fallography F'2-20 Electric Furnaces. See Electro 
chemistry F'1-20. 

Automotive Vehicles and Equipment C1-20 Resistance of Automobile Research F'1-20 Industrial Research. <A bibliography of 8 pages or 
sodies. Tests on resistance of automobile bodies at various a reading list on Industrial Research prepared by Dr. Clarence 
speeds. Address Curtiss Engineering Corporation, Garden City, J. West and Edward D. Greenman of Arthur D. Little, In 
L. I. Address Arthur D. Little, Ine.. Cambridge, Mass. 


Work of the Boiler Code Committee 


HE Boiler Code Committee meets monthly for the purpose of 


considering communications relative to the Boiler Code. Any 


one desiring information as to the application of the Code is requested 
to communicate with the Secretary of the Committee, Mr. C. W. 
Obert, 29 West 39th St., New York, N. Y. 


yrrocedure of the Committee handling cases is 


as 


follows: All inquiries must be in written form before they are 
accepted for consideration. Copies are sent by the Secretary of 
the Committee to all of the members of the Committee. The in- 
terpretation, in the form of a reply, is then prepared by the Com- 
mittee and passed upon at a regular meeting of the Committee 
This interpretation is later submitted to the Council of the Societ 
for approval, after which it is issued to the inquirer and simu 
taneously published in MECHANICAL ENGINEERING, in order that 
any one interested may readily secure the latest information cor 
cerning the interpretation. 

Below are given the interpretations of the Committee in Cases 
Nos. 273-282, inclusive, as formulated at the meeting of February 


Couneil. | 


lane? 


he 


Ss previous practice, 


In 


names of inquiri 


with the 
} 


accor? 


26, 1920, and approved bv t 
the 


\ een 


i] 


Fic. 3 VERTICAL SINGLE-FLUE BOILER WITH CORRUGATED FIRE Box 
Case No. 273 
Inquiry: Does Par. 296 of the Boiler Code requir that the 


tee or lever-handled cock be placed immediately under the steam 


Is 


gage where a long connecting pipe used and the locked-open 
valve is permitted elose to the boiler? 
Reply Par. 


tee or lever-handled valve shall be located near to the steam gage 


It is the intent of the requirement in 296 that the 


so that it will be readily evident to any one observing the gage, 


even though the locked-open valve is used at or near the boiler. 


No. 274 


(SE 
boiler with the 
} 


Inquiry: Is it permissible to use upon an h.r.t. 
third 


‘ 
length of pipe screwed into flanged fittings at tl 


return type of setting, an extended nozzle formed of as 
ie boiler connee- 
tion and the outer end, in order that it may reach well above the 
boiler brickwork ? 

Reply: The construction proposed will not meet the Code re- 
quirements, where the pipe is over in. 
working pressure exceeds 100 lb. per sq. in. 


pipe size and the 
A double-flanged 


9 


nozzle riveted to the boiler shell should be provided, one form of 


which is illustrated in Case No. 232, or a standard pressed-steel 
nozzle may be used in lieu of the one illustrated by Case No, 232 
If such standard nozzle is used, it should be protected by insula 
Lion, 

Case NO. 275 

Inquiry: Is autow ous we Tor 
joint of the fire box of a for rt i] boiler as show hig. 3, 
where the furnace section is er welding, heated a d 
by rolls? The corrugations ar rolied to a dept oO rn 
S in. centers, and the we ( 
ither corrugating or flangn 

Ir ds Committee 
Case No. 

Inquiry: if he design of a « st-steel wate ) 
the side walls of furnaces and to be subjected te 0 pres 
sure, IS 1t necessary to apply t he sections lat 
surfaces, the formula in Par. 199 of the Boiler ¢ ( 
120, or is it necessary to use this formula with th ( 
156? 

Reply: It is the opinion OF the struc 
tion of pressure parts of the tvpe reterred to 1s provides or by 
Pars. 9 and 247. If the Secretary of the Boiler Code Committee 
ean be notified when the specimen is ready for test, steps will be 
taken to have a representative of the Committee press 

ASI No wl é 

Inquiry: 1 An Interpretation is requested Ol the ap i ol 
Par. 212a of the Boiler Code with reterenee to anv cur staves 
surface subject to internal pressure. Does this refer to both the 
outer and furnace sheets of vertical tubular boilers 

b If under the requirements of Par. 239 of the Bo Cod 
relative to furnaces under 36 in. in diameter, thi : the 
furnace does not permit of operation without stavu ere 
any rule in the Code for the staving in this cast ol ~ 
furnace sheets be staved as flat surfaces, using Tab ! 
pitch? 

e Is it the intent of Par. 212¢ of the Boiler Cod at the nh 
creased pitch allowed, may be used tor the same working pressure 
and thickness of plate as indicated in Table It is indet 
standing that Table 4 is based on the formula given in Par. 199 

Reply: a The term “ curved staved surface subjected nternal 
pressure” in Par. 212a of the Code is intended to ret O any 
surface in a boiler structure that is subjected to pressure on the 
concave side, It therefore reters only to that part of the outer 


shell of a vertical tubular boiler which is stayed, 


b Where a furnace under 36 in. in diameter requires staying, it 
should be stayed as a flat surtace as provided tor lable 4, 
‘xcept that the pitch may be increased as indicated in Par. 212¢ 

ec It is the intent of Par. 2l2e¢ that the increased pitch there 


permitted, may be used for the same steam pressure ar 


ot plate as specified in Table 


AS} No 


(In the hands of the Committee 


NO. 


ASI 


(In the hands of the Committee 


Cc ASI No. ISO 


Inquiry: a Is it permissible under the requirements of t 


248 


he 


omitted. 
thickness 
278 


April 
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Boiler Code to use a blow-ott valve of the type used on locomotive every superheater shall be so fitted with a drain that it can 


boilers, operated by a lever lift, for stationary boilers? actually be completely drained? Many superheaters are fitted 


b Is it considered safe to use superheated steam of 125 Ib. with drains which are, however, unable on account ol thei posl- 
pressure and 125 deg. of superheat, or total nominal temperature tions, to completely drain the apparatus. 
of 478 deg., with a piping system having extra-heavy cast-iron Reply: It is the opinion of the Committee that every super 
fittings and medium-weight cast-iron valves? heater should be so fitted with a drain as to substantially tree the 


Reply: a It is the opinion of the Committee that the blow-off superheater from water when the drain 1s opened, 


valves required by Par. 311 for stationary boilers, may be of the 

lever-litt type, provided they are of extra-heavy construction, Case No. 282 

and so designed that they may be operated without shock to the 

boiler Inquiry: Is it the intent of the Boiler Code Committee that the 
bh Attention is called to Par. 12 of the Code whi states that diameter at the base ot the threads on the threaded ends of 

east iron shall not be used tor nozzies or flanges attached directly through rods or braces for h.r.t. boilers, shall be equal to or 

to the boiler for any pressure or temperature, nor for boiler and ereater than the nominal diameter of the rod? Fig. 14 and Pars 

superheater mountings such as connecting pipes, fittings, valves  -05 and 211 would seem to infer that it should be at least equal, 

and their bonnets, for steam temperatures of over 450 di fahr. but isn’t it preferable to make it greater, so that the point of 

While the Cod only covers the parts therein specifica y ome vrreatest weakness in the rod may not be in tl : threaded portion 

tioned, this paragraph clearly indicates the judgment of the Com where permanent set due to strain would tend toward fracture? 

mittee as to the safety of the construction in questior Reply: It is the opinion of the Committee that it will be desir- 


able that the threaded ends of through rods or braces for h.r.t 
Case No, 28] boilers, shall be sufficiently upset so that the minimum diameter 
at the base of the threads is in excess of the nominal diameter ot 


Tngu [s it the intent ot Par. 306 of the Boiler Code that the rod. 


CORRESPONDENCE 
b + Aa 
= ['RIBUTIONS to the Correspondence Departments of MecHANICAL ENGINEERING by members of The American 
Society of Mechanical Engineers are solicited by the Publication Committee. Contributions particularly weleomed 
are suggestions on Society Affairs, discussions or papers published in this journal, or brief articles of current interest 
to mechanical engineers 
vendent write ssumes that this same method can lt 
| roposed Svmbol for B. T. U. pendently, riter a hat th — 
used to solve rectangular pilates Dy first finding lor a given point 
| 4 he stress, ¢o ( I is a pl peam rted ol! 
| I ( i int \ ) Ol wo ofl e edges tl finding the stress 
isa tte f B.T.U.: same point. cor ey ‘ ~ ple beam supporte 
er LWo eag na na ( l t! vO 
e angvula Wii l } I ia ill ll 
D two stresses are at right angk Oo each other they must be com 
/ bined veetorla \ el make at res Siress equi 
quare root he sum sj Oo hie vO my peam 
Yi note at t ters are comb ul hs 
spect prod 1! vo ithou thie ist ‘ periods 
5] W In solvir hes nle heams < ake the 
Havu very col am subr \ ‘ 
. for each simple eam as r ) rer il 
LOr 1) that others interes ead mile late itself, because then upon combini the two simple beams, 
nt Low the combined loading would be greate1 al loading on the 
K —— rectangular plat sell What we must do is a 
Kansa Mo ‘ 
ing on each o e twe mil the ) I 
oading equals the loading o he reeta “al 
milar Pl. n order to take the simplest possible cas ve onsider a 
Calculation of Stresses in a Rectangular Plat In order to ! possib cor 
square rectangular plate of length J nitorm tl ness ith 
To THe Epiror a unitormly distributed load upor surtace quare 
There re several tormulaw in t handbooks tor the solving init of surtace, and with all four of its edges supported 
ot stresse n re ngular plates, but so tar as the write) WW Ob ously is e plate pertect ! Wwe 
ich one ¢ thre her empirical its nature or | ce! e loading o each sunple bear ! ( 
mathematieally de ed from an assumption which is admittedly ng on the rectangular plate, ‘ ley , per s ! ) 
not true, but which, it is hoped, approximates the truth more or urfaece Following this through, we tind that the stress at 
less closel Che writer, therefore, startmmg with suck an assump 3\/2w! 
tioh, preseits a method for calculating the stresses in a reetangu aA ter Ol He square pial iS Rd and its director aiong 
lar plate supported at its four edges and loaded perpendicularly 
: the diagonal of the square. The stress at the middle point of each 
to its surtace, and hopes that some light may be thrown upon 
t subvect hieh lefinitel ‘(rmine t the as 
he o 7 h will defini “ry determine whether or not the a edge 1s cs with a direction along the edge itself. rhe stress 
sumption and the method based upon it are correct. da 
It is a well-established fact of mechanies that in an ordinary at each of the four corners is zero. The stress for other point 


beam the stress at any point, due to the combination of several in the plate could be found similarly. 
loads upon the beam, is equal to the algebraic sum of the stresses An additional assumption is needed for the solving of re 


caused at that point by each of the several loads taken inde- tangular plates that are not square, but the writer does not think 
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it worth while to take up in detail this more 
complicated ease until the assumption for the 
solving of square plates has been proved. He 
therefore gives only the result, as follows: 
Taking the same conditions for the reetangular 
plate as for the square plate, except that thi 
rectangle has sides of length a and b, the stress 


ou ab Va b 
atl the center becomes 
(a +b) 


The writer concludes with the statement that 
if this method is correct it can be used as the 
basis of the calculation of such problems as 
determining the thickness of eylinder heads, 
steamchest eovers, and other problems invol\ 
ing flat plates. H. W. Sipert. 

Galesburg, Ill. 


Strength of Thick Hollow Cylinders 
lo THE Epiror: 

In the discussion on my paper on Valves 
and Fittings for High Hydraulic Pressures, 
presented at the Annual Meeting of — the 
A. S. M. E. in 1918’, the point was made that 
the formula used for the strength of hydrauhie 
pipes and cylinders was difficult to apply, espe 
cially when contrasted with the greater sim 
plicity of Barlow's formula. The method whiel 
| used was based on the results of experiments 
by Cook and Roberts, published in London 
Engineering, December 15, 1911, which, atte: 
considerable study, 1 was convinced offered 


Tt} 


he best basis tor design. 
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AMETER-INCHES a 


ERNAL PRESSURE = POUNDS PER SQUARE INCH -P 
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Fic. 2 STRENGTH or THICK HoLiow 


BARLOW’S FORMULA: P/f t/R, or P/f 2t/(d 


f fiber stress ; « thickness; r outside radius; d 
EXAMPLE: Given P 7500 lb. per sq. in.; f 27.000 Ib 


tion; Draw line urw from 7500 on P-scale through 27,000 on 
0.279; next draw wa to t/d-scale, cutting it at 0.193: 
cutting t-scale at 0.53, which gives required thickness 


pressure ; 


Solu 
f-scale, cutting P/f-scale at 


then draw zyz to d-scale, 


Sor M 
t P 
d { 
050 50 
t 
45 
040 
35 
3.0 940 
25 
20 
Lg 
0.8 w 
07 020 
y Veo 
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Prick CYLINDERS 
0 
OT per 
“7.000 j 
t 0.183: tl ir 
req kness 
Recent vy, having occasion to cal ate some 
piping, | tound that I could mal a chart, 
ising the prineiples of the formula given in 
my paper, by whi } the strengt! 0 almost 
any eylinder could be obtained without caleu 
lation. I am enelosing a print of this chart 
and also one for the application of Barlow’s 
formula which I find many designers ust lt 
will be noted that These two eharts ure Lhe 


same except for the relation lines between th 


P/f and t/d seales at the right side of the 
chart. The eharts are self-ex»lanatory and 
will be found time savers and svffieientlyv ace 


rate for anv ordinary ease 


Was. W. Gayror 

lorrington, Conn 

A national association of present and forme 
otticers of the Corps ot Engines rs and eivil er 
vineers who have served in any branelh of the 


army— Engineers, Ordnance, or Signal Corps; 
Infantry, Cavalry or Artillery—is being ot 
ganized in Washington by a committee ap- 
pointed by the Chief of Engineers. The ob 
jects of this society are to promote the science 
of military engineering, and to foster the co 
operation of all arms and branches of the ser 
vice, and of civilian engineers in that science. 
Provisions have been made for an annual meet 
ing, the date of which is to be fixed with refer 
ence to that of the American Society of Civil 


Engineers, in order that members may attend 
both meetings. The annual dues will not ex- 
ceed $5 per year. Further information regard 
ing the society may be secured from Col. G. A. 
Youngberg, Office of the Chief of Engineers, U 
S. Army, Washington, D. C 
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Standard Sizes for Shafting 


Committee of the A.S.M.E. Recommends 14 Sizes of Transmission Shafting and Large Reduction in 


Number of Sizes of Machinery Shafting 


a desirability of reducing the number of sizes of shafting 
and in consequence the number of jvarts of power-trans 
mission equipment that must be carnmed in stock has long been 


remained for the conditions of the war, however, 


definite 


recognized. It 
in this regard, from the stand 
The 
American Mechanical E 
Industries Readjustment brought to light the fact that 


to bring about action 


point ot the conservation of materials. activities of the 
Committee of The 


on War 


an itnmense 


Society of 


amount of steel is continuously tied up in manu 


facturers’ and dealers’ stocks of shatting and that a correspond 
held in stock 1 the Torm 


pulleys, ete 
(‘ommiuttee on War 


ing amount of east iron is also 


hangers, bearings, couplings. collars, bushings, 


the suggestion of the chairman of the 


dustries Readjustment, theretore, a committee was formes 


investigate the subject ot the standardization ot shattine ive 


personnel of 
("| M. Chapman. Charrmay Giew, N. Van De 
Morris Louis W 


Nelles 


tt is i lollows 


This Committee was contronted with two distinet b 
related problems, viz., the standardization ot the dian 

alting used for the transimiisst ol power, i 
‘ if et e standardization of the 
sha ised Like ery manulac irers 
product T ( per blems ‘ be t I 

e twe While a large 1 er of sizes « ransmissic ftir 
ire now listed ar stocked, il Was bel ved that a ¢o1 praat 

CW Lhes¢ ire nh eX ( veneral lust Aceordi 
Vas ‘ of the largest manufacturers and dealers 
in transmission shatting asking for statisties on the co 
tion ot each size ot afting handled by them Some 20 
largest concerns in the industry irnished complete staten 
their sales over periods ot time chosen by themselves hese 
data were reduced by committee to a unitorm basis | el 
centages Phe amount ol each “1Z¢ sold was expresst 


percentage ol the total sales, both on a weight 


lineal-foot basis Irom these data, plotted in the for 
diagram, it was very evident which of the sizes were popular 
and generally used and which were more rarely ealled f \ 


12 sizes was prepared from this diagram and 


sent to forty-six other dealers in transmission shaftting and shaft 
supples trom whom twenty 
In the letters to thes 
that the 
so firmly and so nearly 
that it 


and 


re plies were received. 
rms, the committee expressed the opinion 


custom of using shatting ;« in. under the unit sizes is 


universally established in this country 
would be 


wise to attempt to adopt sizes in even inchies 


fractions as standard. It was pointed out, also, that ee 


lain sizes stand out preéminently as “ popular sizes” and that 


others are sold in relatively small quantities. It seemed very 
feasible to select a series of standard sizes which would meet the 
popular demand and give a sufficient selection of sizes for gen 
eral purposes and at the same time reduce the number of sizes 
now listed by the trade from some 50 or 60 down to 12 or 15 

The response to these letters was hearty and practically unani 
mous In opiniol The transmission-shafting users and dealers, 
almost to the last one, approved the plan of standardization and 
the sizes suggested were very generally approved except that the 
diameters 1}4 in. and in. were in many cases requested to 
be included. After due consideration the committee decided to 


these two sizes in the original list, making the 14 sizes 


) 3 


nelu le 
now adopted as standard. 

more intricate one. The number 
of sizes now produced by the rolling mills for use in machinery 
is very large. Almost every sixty-fourth of every inch up to 
three mehes is drawn. This means excessive equipment at the 
mills and large stocks in the warehouses. If a reasonable num- 


The second problem was a 


ber of these sizes could be eliminated or classed as “ Specials 


and a comparatively few sizes selected as standard or stock si es, 


no vreat would t is be etfected and a valuable ser 


per- 
In order to get the 


for machine r\ 


Opinions Of jeading consumers ol shatting 


purposes, the committee decided to lay the 


before some 225 large consumers of this material and invite their 


comment upon its desirability or feasibility and their advice as 


to the size interval between standard diameters which should be 


considered It was explained that it was not int 


adoption of certain sizes as standard should make it impossible 


to secure any other size required on special order; but that the 


veneral elimination of a great number of the sizes now in us¢ 


and the consequent greatly increased production of the standard 


sizes could only tend to a reduction of mill eosts and capita 
nvested in manufacturers’ eq upment and in stocks in warehouses 
‘ ings shoul ive a vering effect up t he 

ind the p hlem was ere re, trulv one « 
eonserva 

In the case of machinerv shatting the users wer equally 
unanimous in their approval of the plan to standardize sizes 
but recon mendations as to size interval vanmed rreatl, How 

er, These re na vis, so lar as they were definite and 
specihe enough, were mulated and diagram constructed now 
ing the relative popularity of the various size inerements for 
each inch ot diameter, 

With these data ac ind sifted down to usable torn 
the committee felt that Yas in a position to present its uv 
formation and preliminary deductions to representatives of othe 
interested organizations Accordingly, invitations were issued t 
Twelve societies al assoclations re sting them to consider the 

posed lists of stane Sa nt represer ‘ 

nrer with the com ee D sr rt was finally formulated 
vil itlons ada e star 

| i d ar as rne ss rns 
\ riean Ha eM t 
\ in R iv Eng ng A 
American S & M ne 
National Ass tion of Manufacturers of the U. S. A 
National Association of Pure sing Agent 
National Machine Tool Builders Ass tion 
Southern Supply & Machinery Dealers Associatior 

Che committee then considered that it had completed the first 
part of the work to which it had been assigned, so on January 


14 submitted to the Council a progress which it re 


report in 
ommended the approval and adoption of the following 
as standard for th 


51Zes pPocietv: 


Transmission NShaftine 


1: 


16; 2-3/16 in 


9/16 in; 1-3/16 in 1-7/16 in: 1-11/16 in: 1-15 ‘ 
2-7/16 in; 2-15/16 in -7/16 in: 3-15/16 in; 4-7/16 in; 4-15/1¢ 
in; 5-7/16 in; and 5-15/16 in 

Vachinery Shafting 
Size intervals extending to 2! n.. by sixteenth inches; fron 


2'% in., to + in., 
quarter inches 


inclusive, by eighth inches; from 4 in., to 6 in., by 


(he Council approved the report and accepted the recommenda 
tions. 

In the opinion of the committee the adoption of standard 
sizes of shafting will mean that in the future there will be a 


gradual elimination of odd sizes from makers’ lists and from 
dealers’ stocks, and for new construction only standard sizes 


would be selected. 

Before undertaking the standardization of the shafting formule 
and the dimensions of shafting keys and keyways the committe 
plans to reorganize itself and add to its membership. 
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Editorial Associates on Mechanical Engineering 


C. E. Davies, a graduate of Rensselaer Polytechnic Institute, 
and for several years in production work with the Remington 
Typewriter Company, Syracuse, N. Y., has joined the staff of 
MecHANICAL ENGINEERING as one of the Associate Editors. Mr. 
Davies was in the Ordnance Department at Frankford Arsenal 
for 15 months during the war, and lett the service with the rank 
of Captain. 

E. W. Tree, who has been with the Society during the past 
year and was formerly an instructor in the Electrical Engineer- 
ing Dr partment ot Brooklyn Polytechnic Institute, has also been 
appointed an Associate Editor. Of the other members of thx 
Staff, Leon Cammen, for many years Associate Editor, will con- 
tinue in this capacity and as in the past prepare the Engineering 
Survey; and C. M. Sames, Associate Editor for four years, will 


have the direction of the Engineering Index. 


AS. M.E. to Meet in Conventien at St. Louis, 
May Q4 to 27 


A tentative program for the Spring Meeting is printed in 
Section 2 of this number of MecHaNnicaL ENGINEERING. In con 
nection with it, announcement is made of an opportunity to visit 
the immense hydroelectric plant at Keokuk, on the Mississippi 
River, illustrations and description of which appear in this 
number. Particulars regarding the excursion are contained on 
page 60 of Part 2, or Society Affairs Section, of this issue. 

Papers to be presented include several groups upon certain 
special subjects, such as aeronautics, the appraisal and valuation 
of property, and foundry practice. One session will be devoted 
to scientific papers, and another to miscellaneous papers, mainly 
on power-plant subjects. The St. Louis Local Committee will 
have a session of their own, with papers of local interest, 
principally upon new developments in river transportation, and 
on industrial housing, a large project for which is under way at 
St. Louis. 


Two papers of unusual interest come from Government sources, 
one of which will be by Lieut.-Colonel H. W. Miller, Artillery 
Division, U. S. A., who recently contributed the German Long 
Range Gun article to MecHANiIcaL ENGINEERING. Colonel Miller 
has investigated heavy artillery abroad and will speak on the 
formidable German defenses on the coast of Belgium. Lieut. E. 
R. Jackson, Ordnance Department, U. S. A., Tank, Tractor and 
Trailer Division, will show moving pictures of the transcontinental 
trip made by a large number of army trucks, an extended account 
of whieh was published in the last number of MecuanicaL ENGI 
NEERING. 

The Local Committee has arranged several excursions and social 
affeirs, listed in the tentative program, which are most attractive. 
Members of the A. S. M. E., and their friends, who can do so, are 
cordially invited to attend. 


* Conservation Through Engineering ” 
Past-Secretary of the Interior, Franklin K. Lane, who upon 
retiring from that office characterized official Washington as 
‘rich in brains and in character, but poorly organized for the 
task that belongs to it” has given considerable attention to the 
engineering features of the work of that department. This is 
evidenced by the frequent and comprehensive references made 
to engineering work in the last annual report of the Secretary 
of the Interior, and by the specially-printed extracts of that 
report which have been published under the title quoted above. 
This report deserves the careful attention of all engineers. 
The recent coal strike and the attention given it by the Interior 
Department is covered in considerable detail with pertinent ques- 
tions asked and answered as to the means of conserving coal 
and meeting future emergencies of this kind. Under the heading, 
White Coal and Black, the question of water power is briefly 
treated. Petroleum from the standpoint of its production from 
oil shale and its use as fuel and generating power is also dis- 
eussed with a comprehensive summary It will be reealled that 
Mr. Lane was especially active with broad plans for soldier 
settlement legislation,—it was he who first imtrodueed soldier 
settlement plans. Other phases of the reclamation and develop- 
ment program ar covered in an interesting manne Conserva 
tion Through Engineering is a public document known as Bul 
letin No. 705. a 
Documents, Government Printing Office, Washington, D. C., at 


ten cents per copy 


id may be obtained trom the Superintendent of 


A University for the Industries as Well as for 
the People 


The University of Michigan, long a source of help and inspira 
tion to the peopl of its own state, as well as tc its many students 
and friends in other sections, is now arranging for extensive 
cooperation with the industrial and technical interests of the state 
along the lines of scientifie research. 

A new department of Industrial Research is to be organized 
in connection with the Colleges of Engineering and Architecture. 
The department will be under the administration of a director, 
who will be assisted by an administrative committee of the Uni 
versity and by an advisory board composed of men representa 
tive of the industries of the state. Investigators and assistants 
will be assigned to the Research Department as required, and the 
work in this department will be open to graduate and under- 
graduate students under suitable conditions. The industry or 
yroup of industries having researches undertaken is to pay for 
these researches, and the University reserves the right to make 
public at such times and in such ways as it deems best the results 
of any work done on any problem by the Research Department. 


The University is to set aside for the miscellaneous expenses of 
the department a sum of $10,000 a year, and it is expeeted that 
the industries of the state will provide initial funds, in part, at 
least, for meeting the preliminary expenses incident to the labora- 
tory equipment required for the new undertaking. 
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This action by University has followed a report recentl) 


made by the Manufacturers’ Association recom nding 
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hipping Board, where there is not sufficient headroom in the hold 
boule rs and engines the usual lt irlicle I nter- 


such eooperatio A great deal of eredit is also due to the Chi national Marine Engineering tor March, the project ithined 
cago Engineering Alumni of the University who prepared ar r placing Diesel engines on the main deck the ship, using 
port on this subject in 1916 and whose long-sustained efforts to is many units as are required for the ower | be generated, 
bring the mdustries into closer relations with the | ‘ ir these engines being of the stationary pe, bu vht enough for 
now to bear fruit These Chieago alumni have done vrei dea marine use 
in Various directions to advance the cause of researe us ¢ need 
by resolutions presented at the last Spring Mee ‘ 
etlor in which a broad program was outlined for ! rhe acronautics ow held New York during the seeond 
erally throughout the country, and in which the co ; f March brought it no very startling and novi elop 
niryv were important element ents. but it clearly demo) ae it the aeronautical industry 
America 1s de Veloplng ilong sane and conse! 
Annual Volume of Engineering Index to be Contrary to statements repeatedly mad uly the 
rs nor dismissing elr engineering personne e con 

Mit 19 annual volume of The Engimeering Inde ) _ they are doing fine work and are gradually p ne the 
able about May th e earhest date at wl the position whit s entitlec e tact 
comp! e printing pubheation has bee e aeroplane Was cone ed in this ¢ ind de to fly 
he mor issues The Engineeru Index e firs n 13 @ res e venius at ance of 

feature MrcHANICAL ENGINEERING du ean 
asst he items as they appeared from month | eor ion atvention may be called to an important 

classified under general headings designating thi Air ce, Washington 
engineeru yub an extended investigauior i Rey First Trans nental R bility 
dillere ( howed that a nd ‘ lest duete by the \ Service =. A n 
irl mel is greatly preterres hy ‘) hey | Cla sions ‘ yasis of 
rly preparation of the anm re al 
ollowed The 12,000 comp! ‘ ive ) 
en ‘ rearranged accor to this svs \ re ited it whole pel 
ril ad ‘ his as entailed many we rmanes | ean be considered quite fac 
‘ eel our iltey e! are! nsidera 
( rrive at the « lusior at the 
Diesel-Flectric Drive for Ships I. r more tian 2v rs, though 
eure l sive W run over 

Che Diesel engine has regularly been used i ity OO hours w 
prop ilsive power tor di ing the propeller w \ Hlispar s i well and the test showed 
and also for charging the storage battemes throug press Hispano Suiza motor 
thus providing an electric drive when submer | ates vail 
time a method for d1 the propeller trom a | sn it on the whole the Ger 
through the intermedia in electric generato Mer pres otor rave a per 
was developed in this country d first applic manne st describes wonderful.” Ne 
i steam turbine-eleetme drive su as m sed are parts were ‘ ‘ diustments to the 
battleships ignetos els y ade 

The manv good teatures of the eleetme drive t: oe As regards es ( ‘ onclusively that the 
bination with steam turbines, have been so tu ( nstrates DH-4 is a ve ro () and, the SE-5SA 

at it was to he expected that the same system wo ia i remart ’ Shaw > Althou is a ingle 
n combination with Diesel engines. The Diesel engine, ‘ Wiis ‘ ‘ ! is flights 
turbine, is capable of extraordinanly high economy, arm trans-continental tr ; DH-4 
turbine, it should be operated under the conditions w! e Martin bomber. - neined 

ructive features demand, rather than under the con lo? " ne ¢ ered, shows ine and 
posed by the speed limitations of the propeller Vj s great loa ‘ era 

What is said to be the first trial of a Diesel-electrie dri flic © causes of which 
ships is reported in the current issues of the marine papers as re carefully a \ — venera ild appear 
being on the yacht ay, a schooner ot 152 ft. length over le extens iture 
30 ft. beam and 313 gross tons capacity. The yacht is driven b s nevertheless pn ssibli ' | accidents. One 
a 6-evlinde r Winton Diese] oil engine rated at 115 hp i 125 of the rules o the es stated tha ieroplanes entered no be 
I p.m., dire et-connec ted to a 75 KW We ting! Oust eapab ol Spee These eroplanes 3] rned 
which in turn is direct-connected to a 9-kw. exeiter Lt olor r purposes are } as sate as the less speedy craft which 
tor the propeller is rated at 90 hp., at 360 r.p.m. The entire boat would be flown for commercial » ses, If ther question 
is operated and controlled by electricity, no steam bein; sed o1 whether such a rule should have been made for such a test. as 
required. All the auxiliaries are eleetric-driven and all movements viously even in war times high-speed aeroplanes would hardly 
are controlled from the bridge without having to signal the engin« be used for transcontinental flving, except under very unusual 
room. circumstances, 

The yacht is said to make 8’ knots on 7!» gal. of fuel per The test strongly accentuated the importance of the pilot and 
hour; and since she ean carry 2400 gal. of fuel, she is able to demonstrated clearly that he is not meré ly an aerial chauffeur 
run 2000 miles on her propelling equipment alone. Although the Considering the show and the report of the transcontinental 
Elfay is by no means a typical merchant vessel, it is believed that  flig together with the high-altitude flight of Captain Schroeder 
f the new drive proves successful on her it will be extended to (of which more is said elsewhere in this issue) as the three out 


In 
riven to the application of Dhiesel-electric power to some ol the 
S. 


purely commercial ships. fact, consideration is now being 


wooden freight vessels of the Ferris type now offered by the U 


March, 


the conclusion that aeronautics is quite alive in this co intry and 


standing events ot 1919, one can hardly help coming to 


very gratifying results are being obtained. 
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The Engineer’s Attitude on Military Legislation 


Despite the fact that Congress has failed to enaet legislation 
dealing with the subject of military training, and that public 
opinion seems at least to be divided on the question, the engineers 
throug Engineering Couneil have gone on record as favoring a 


sound and effective development of both army and navy. This 


recommendation of Enginering Couneil comes through its Military 
Affairs Committee which was appointed in Deeember, 1919, to 


consider the relation of en: 


of the United States. Col. 


eers to the future military activities 
William b. Parsons is chairman of 
the committee, which is composed of both eivilians and ex-ottieers 
of all branches of the service. The commiuttee’s recommendations 
to Engineering Council which were unanimously adopted by the 
executive committee of that body are in part as stated in thi 
following paragraphs: 

We believe it of vital national importance that sound military 
legislation should be enacted during the present session of Cor 
gress. Effective provision for national defense with an adequate 
trained army and navy sufficient to discharge our national and 


international obligations is essential to security and _ stability, 
which must be present if our country is to go forward in con 
structive activity and achieve its possibilities as a nation. 

The caretul selection and training of personnel and their assign 
ment, when reservists. to organized reserve units are vitally im 
portant to the efficiency of the technical services of the army and 
navy, and therefore essential to the proper preparedness of the 
individuals of the engineerin: 


and allied professions and trades 
for the discharge of their constitutional obligations in national 
military service. 

The full utilization of specially and teehnieally qualified men 
and specialized industries has proved impossible where an or- 
ganization was built up only after war had become imminent or 
had been declared. 

We believe national security and stability can be assured only 
by application of the foregoing principles, in particular the 
principle of universal military training and the creation ot 
organized reserves, above all in the technical branches. We, 
therefore, recommend to Engineering Couneil that the President, 
and Vice-President of the United States, the Secretary of War, 
the Seeretary of the Navy, the Speaker of the House and the 
Chairmen and Members of the Military and Naval Committees 
of the Senate and the House be urged to incorporate the fore 
going principles into any bills passed by either body for army 
or navy organization, and particularly the prineiple of univers 
training. 


The Future Engineer-—A Man of Affairs 


Engineering started as an art; then it developed into a seie1 
Later it was realized that the engineering of men was as 1n 


portant as the engineering of things and the science of ma 


ment came into ben ov, Fi ally, the management ot affairs, ot 
me and things taken together collectively, is receiving a grea 
deal of consideration and there is a general movement 

technica schools and colleges toward the teaching ot busines 


administration to engineering students. 

How general this movement is has been shown in a rece 
repdrt of the U. S. Commissioner of Edueation based on the 
replies to letters sent out to a number of the larger colleges ani 
universities requesting “a statement ol present practice and any 
change contemplated in courses ot study n eneineerine ant 
commerce.” Fifty-five replies were received, a study of whiel 
brings out some interesting facets. 

Approximately a third of the replies received came from col 
leges or universities which offer subjects in economies and busi 
ness administration in connection with their engineering courses. 
In general the curricula provide business training in greater or 
lesser amounts for engineers who expect to enter positions con- 
cerned with the management or administration of manufacturing, 


construction, and transportation enterprises, which demand a 
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knowledge of business as well as of scientific and engineering 
principles. 

There are several institutions in which the combined business 
and engineering course is already well developed. For over 20 
years Stevens Institute of Technology has given its students in 
struction in the commercial or business side of engineering. 
Dartmouth College has offered for four vears a course in engineer 
ing management. A unique feature of this course is the large 
requirement in outside reading covering thirty or more books o1 
the subject. The University of North Dakota has offered for thre 
years a course in general engineering, providing about 60 per 
cent of the work along fundamental subjects in scienees, math: 


maties and teclinical engineering, and about 40 per cent in sub 


jeets relating to both business and engineering careers 
Massachusetts Institute of Technology gives a cours 
engineering administration whieh combines instruction in genera 
engineering studies and in the methods, economies and law 
business. The course includes (1) the instruction common to 
courses, In literature, language, and historv, and in chemistry 
physies and mathematics; (2) a choice of engineering studi 
classified under three options: civil engineering, mechanical and 


electrical engineering, chemical engineering; and (3) a seleet 


group of subjects in business and economies 

Other colleges which do not cover as much ground in their 
preseribed course, offer these subjects as electives or, in a few 
cases, In a special fifth-vear course devoted to business admit 
istration. 

There is only one institution reported in which no course is 
offered in either commercial or industrial engineering. A few 
commercial schools include engineering subjects in their courses 

The balance of the reports come from institutions which 
although they do not now offer a combined course, nevertheless 
are in favor of doing se as soon as they feel that the demand is 
vreat enough. Some of them are now at work on new engineering 
curricula covering a four, five, or six-year combined cours 
Columbia University, for instance, plans to have in the near 
future a course in manufacturing and industrial engineering, 
and Tulane University, New Orleans, now has under considera 
tion a revision of its engineering curriculum to provide proper 
business training for engineers. 


Scientific American Supplement Now Issued 
as a Monthly 


The Scientific American Supplement, edited by A. Russell Bon 
Is now Issued as the Scirentific American Vonthy and has bee 
greatly broadened in seope. Besides containing important ar 
nouncements of distinguished technologists appearing fore 
as well as domestie publications, it furnishes translations of 
complete texts of significant articles in | uropeal hooks, ete 

as sé veral departments to which varto ; organizations contril 
lhe Natio al Research Counc land tli Burea 1 of Standards ¢ 

pplv material for a cde partment, and a similar section is to b 
edited by the U. S. Bureau of Mines. The American Societ 
i il | CTs ir? s rl 1 re Cw O Mipor 
articles in the field of mechanical engineering and a similar 
vice covering the field of mining and metallureg s being 
dered by the Ameriea Institute of Mining and Me 1! 
Engineers Reviews re ds 
electrical engineering and industrial chemistrv. The jouw 
is unique in that it carries no advertising, a the p: 
beme text paves, \\ ‘ tas hat the apid 

tio YO c ext, such as this journal co 
income received solely from subscriptions, the attempt is ne 
theless being made to eonduct the journal on this plan. 

TI screnti fic 1) can Supplement was tounded in 1876 


time when there was aroused by the Centennial Expositio 
creat publie interest in science. It was established to meet 
growing demand for information of a higher technical charact: 
than could properly be published in the more popular Scient 


merican, 


Major Schroeder's Record Altitude Flight 


Notes on Major Schroeder's Accomplishment —Technical Difficulties Encountered—Military Value 
and Commercial Uses of Supercharger 


On February 27, Major R. W. Schroeder, chief test pilot o The supercharger used by Major Schroede: 


McCook Field, Dayton, Ohio, drove an aeroplane t highes inal General Electric supercharger designed by Dr. Sanford <A. ; 


altitude than has ever before been reached Other Moss, Mem. Am. Soc. M K., and originally tested o1 Pike’s 
that an altitude of tt was attained ane that others Peak ! 1918; and t is nol irprising, therelore, that no od 
record of 30,300 tt. reached by Rolland Rholts on J 1), 1919, means had been provided for blowing off the is 
and the inoflicial reeord of 33.137 1 credited to A nt (as Irom the turbine e exhaust ri i wothered 
ale, the French pilot, were broke the pilot to a certain extent, due to the fact that it veeps p 

The public is tamiliar wit the story of ow M his lace No way is been Tound to date ir? Lhe 
set ou o reac! rhe altit ot 40,000 His ! ro he oc ( {) COl 
a temperature ot 67 de below zero and a wind o ) nti: light if seems that the gases expanded more rap the 
ot how Ss oxvgen gave out: of his fall of dot issued trom the turbine in the thin air ! 
his miraculous landing at MeCook Fiel Furthes they swept past the pilot’s face in even larger ve j 
regarding the flight, prepared tor Mrecua)> ‘lL. EON ly trom the doctor’s report, it seems that the carbo 
Col. Thurman H. Bane, Cor anding Officer ot Met el poisoning gave Sehroeder more trouble than the F 74 
and released by the Air Se ce, Is given below. lr ! tar work an automat oxyvgen-Let 

for the lot whie reculate tl amount ot rel in 4 

\ AJOR SCHROEDER 'S suceesstul altitude t thie proportion to altitude so that it is not necessary for him to 
4 [ rm t of a long series of important tests in eng ering thn ot making anv adjustments. Major Schroeder had been 
development rN the Kngineering Division ol Ai service, e habit of using a simple rubber tube extending tro the 4 
uu. &. A This series of tests lias disclosed problem after problet oxygen flask to his mask in such a manner that he 
wie ad to be overeome in some manner before further re could adjust the flow by hand, as he has otten had trouble with 
could be made Some of these troubles were © ONVErt pipe Treezing up and flow stopping at high altitudes 
a Obtaining a suitable propeller (mn his record flight he knew he would be up for a long time. . 


6 Keeping the mixture ratio of the carburetor constant throug! and he desired to use the automatie apparatus as long as he eould. 


out a wide range of altitude and therefore varying the dit Ile believed it would work to about 29,000 ft., and therefore took 
ferences 1n proportion between the throat of the carburetor one bottle of oxvgen, connected tft rough the automatic oxygen 
and the atmosphere surrounding it teed and one connected direct However he found that the auto 
c Delivering fuel to the carburetor against its varying pressure Inatie apparatus did not work at all and he therefore had to start 
d Cooling at high altitude and raising the boiling point of the ising his emergency bottle at about 18,000 ft. and realized that it ‘ 
water might run short, although he thought it would last long enough for 
e Providing a drain valve to let the water out of the radiator im to aecomplis = record. Nevertheless, due probably to the 
at high altitude in ease the engine should stop, so that the large amount of exhaust gas he was breathing. Ma ior Schroeder 
engine and cooling system would not be ruined by the e! had to use an excess amount of oxvgen, which, of course. resulted 
treezing; and further, of so arranging the valve that it woul in his reaching the end of his s ipply sooner than he expects d 
ot itself freeze and thus become inoperative It is noteworthy that the instrument which shows the pilot 
f Seeuring goggles which would not freeze over in the intens+ what pressure his supercharger is delivering to the carburetor 4 
cold at great heights; (such goggles were invented and di showed a pressure some thing close to that of sea level, eve 
signed by Major Schroeder when he was at the highest point of the flight The operatio 
g Developing a special instrument to show the pilot how t of the supercharger was excellent throughout the flight.and if 
handk is exhaust bypass gates, or, in other words. how to was tound to be in good condition afterward. 
control the supercharger pressure in his carburetors without Major Schroeder states that he actually reached warmer tem 
Lhe maki r any calculations perature at the op of his climb he coldes 1! re 
The rinecring Di iIsion has been most tortunate “aving is ab | Oa « r. and \ ! re | e¢ ig 
Major Schroeder to pilot the airplane throughout the pr na at the top of his climb, the temperature was 4 deg. higher. H 
supercharger development tests which were made. beea 7 ntered t] sual stron Wi he has ir \ 
dition to being a surpassingly good pilot, he is an excellent | case encountered at altitudes abi 25,000 ft He belie 
gine mechanic at sol ) he ew pilots who ean re <i! elocity of this wind to be close to 175 n.h.. ) 
in ar ! \ in is doing ar rifted his 1 hine eas 
needs lr i e ha ! pmer der ad ¢liimbing at a ) 
Conside le trouble is alwavs bes encounters due use he superehare: 
igh W ! \ i perehal duc rul speeds ) 
the < ive Lo card elor is a er’ eres na I I I 
Future ot ers will provide a ( : 
eooling b he « pressor and the carbure ree 
feed syste mior to May Schroede) iis tormed | b 
quite satis rily ) of this fa iv such a e ) Maior 
for Major Schroed ¢ ents his solu Schro mad This 
pump some pressure in thi vith a hand air pun \ its eomil contact wit] 
help the fuel pumps deliver th ic] at the extrem ( exha 
To reduee the preignition Ww it was expected wo ee) When M rv Schroeder s oxygen supply fina ‘ he 
countered on this nt, a ally prepared uel was ] it S gogvies orde! more ck why in Is en ive oO ( 
by Mr Thoma M FPeiey, Jr.. who has been developi ry" ant some ore > Irom one or the other of his tanks, and t th P 
knoek ”’ s tor Mr. Charles F Kettering, Mem. Am. Soe. M. E. ome} neonse isness suddenly overtook hj but not befor 
This fuel proved to be of great assistance in this flight as it he reached for his switch and put the machine to a spira 
caused the motor to run much more smoothly than it would He intended to make one steep spiral which would bring 
otherwise have done down to about 20,000 ft. above the ground, where hé exper ted bP 


ro 
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recover; but, although he believed after his fall that he had suc- 
ceeded in doing this, as a matter of fact the plane fell into a 
“shot pigeon” down to about 3000 ft. above the ground,’ where 
Schroeder regained consciousness, “ righted” the plane and, al- 
though he was still semi-conscious and could scarcely see at all 
due to the chilling of his eyes, had the presence of mind to open 
the vents in his gasoline tanks so that the engine would continue 
to get fuel and run. It happened that he succeeded in getting 
only one switch instead of two which are present in all Liberty 
ignition systems, therefore his engine had been running prac- 
tically wide open throughout the fall. This kept the water from 
freezing in the cooling system and gave him the use of the 
engine after his recovery from the fall. 

The daily papers have given the details of his marvelous land- 
ing in spite of his almost total blindness, so nothing will be said 
here about that; however, it is of interest to note that the gaso- 
line tanks which probably had a plus pressure of several pounds 
in relation to the surrounding atmosphere at the top of the climb 
had collapsed,—that is, three out of four of them had collapsed, 
one of them almost totally, due to the fact that at the bottom of 
the fall conditions had changed so that there was a minus pres- 
sure inside of several pounds. This is why it was necessary for 
Major Schroeder to open the vents in the tanks in order to be 
able to deliver fuel to the engine to get to a suitable place to 
land. 

The military value of the supercharger will be very great. It 
will greatly increase the speed of airplanes at high altitudes and 
enable them to go much faster than they can near the ground. 
It will be useful for photography at extremely high altitudes, 
because the photographer will not be hampered by attack if the 
plane goes high enough. An airplane with supercharged engine 
will be valuable to carry dispatches or a high-ranking officer over 
great distances in a very short time. Superchargers, when ap- 
plied to heavy bombers, will enable this type of machine to reach 
a ceiling well above enemy anti-aircraft gun fire, and in fighting 
planes superchargers will greatly increase speed and climb. 

Commercial use of superchargers will be to enable heavy pas- 
senger- or express-carrying airplanes to climb over the highest 
mountains or over thunderstorms with the use of comparatively 
low-powered and low-priced engines; without the supercharger, 
very large engines would have to be installed in order to have 
sufficient power to sustain the airplane at high altitudes. This 
is largely unnecessary if superchargers are used. It is felt that 
passenger-carrying airplanes can be provided with a supercharger 
and an airtight cabin for the passengers so that the supercharger 
ean keep the air in this cabin at a density and temperature 
which will make it practically comfortable for all passengers, 
and at the same time the airplane can fly at extreme altitudes at 
very much greater speeds; and speed, after all, is one of the 
chief advantages of air travel over other kinds, 


James Waring See 


James Waring See, a charter member of the A. S. M. E. and a 
widely known engineer, died at his home in Hamilton, Ohio, on 
January 31, 1920. Mr. See was better known to the readers 
of mechanical journals as “ Chordal,” a pen name used by him 
for much of his writing. About 1880 he began a series of articles 
in the American Machinist under the title of “ Extracts from 
Chordal’s Letters.” These articles were of the shop by a shop 
man and it would be difficult for a person of the present genera- 
tion to understand the deep impression which they made on the 
mechanical men of the country and the widespread interest which 
they created: 

Mr. See was born in New York City on May 19, 1850. He 
received his earliest education in a country school at Rutland, 
N. Y., though he later attended school at St. Louis, Arcadia and 
Springfield, all in Missouri. , 

At the outbreak of the Civil War Mr. See was employed in 
the Springfield military hospital as an assistant in the dispen- 
sary and in the operating ward. After the battle of Carthage 
he was made telegraph messenger to the Federal forces in and 
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around Springfield. Upon the ending of hostilities Mr. Seg 
served an apprenticeship as machinist at the Springfield Iro, 
Works and it was there he laid the foundation for his futur 
eareer. At the completion of his apprenticeship he found ep. 
ployment in various shops located from St. Louis to Y 
S. D., eventually settling at Omaha, Neb., where he started g 
shop of his own. 

The story is told of him that being disappointed in a lathe he 
bought from the Niles Tools Works he wrote to that firm to the 
effect that if he could not design a better lathe he would eat it, 
Alexander Gordon, head of the Niles works, testily replied that 
if he was able to design a better lathe than the one in question, 
he wished he would come to Hamilton and do it. 

Long after Mr. Gordon had forgotten the incident there ap- 
peared in his office a tall, lanky individual who said with 
drawl, “My name is See and I came up here to design that 
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lathe for you.” He was put off with one excuse after another 
until in disgust he appropriated an empty drawing board and 
did design a lathe that made Mr. Gordon sit up and take notice. 

He was at once employed by the Niles Works, filling positions 
as foreman, chief draftsman and chief engineer, respectively. In 
1876 Mr. See opened an office in Hamilton, Ohio, as a consulting 
mehanical engineer and his keen insight into mechanical matters 
soon brought him a wide practice in connection with some of the 
largest machine establishments in the United States and Europe. 

With the invention of the telephone, Mr. See became 
interested in its practical workings and was the inventor of 
several valuable devices connected with central-station apparatus 
In recognition of his work he was made an honorary member 
the Telephone Exchange Association. For a time he was editor 
of the Telephone Exchange Reporter. He built the first telephoue 
line in Hamilton. Also in connection with Alexander Gordon 
and James K. Cullen, he built an electric-light plant at the Nile 
Tool Works, the first in Hamilton. 

As Mr. See’s business increased, he became a patent attorney 
and as such developed an enviable reputation as an expert 2 
patent litigation, and was called on to give expert testimony ™ 
more than three hundred cases. 

By appointment of Governor Campbell, Mr. See acted as oe 
of the commissioners for Ohio to the World’s Fair held # 
Chicago in 1893. | 
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Government Activities in Engineering 


Notes Contributed by The National Service Department of Engineering Council * 


Agreement Expected on Water Power Bill 


As stated in MecuanicaL EnGineerInG for February the 
Water Power Bill has been in the hands of a committee composed 
of members from both the House and Senate. This was for the 
purpose of settling on points of difference, and while it was ex- 

ted that not more than two weeks would be occupied in getting 
the bill through this Joint Conference Committee, nevertheless on 
March 9th. when the committee adjourned for a period of two 
weeks, there still existed two important points of difference. This 
adjournment was taken to await the return to Washington of 
Representative Taylor of Colorado and to permit Senators Jones 
and Smoot to devote some time to the Merehant Marine and 
Executive Bills, both of which are now pending. 

These differences pertain to license charge and recovery and 
the proposal to have an army engineer as an executive secretary. 
The strong opposition to this latter plan will probably result in 


’ the placing of a civilian in that office with the authority to have 


an engineer officer detailed to assist in the work. Those in im- 
mediate touch with the status of the Water Power Bill regard the 
situation as very satisfactory and it is anticipated that a com- 
mittee agreement may be shortly expected. The power project 


for Great Falls on the Potomac River, which carries an appropria-- 


tion of $25,000,000 and which was placed in the bill as a rider by 
the Senate, was eliminated in the conference. No further details 
are at present available concerning the other items of the bill. 


New Board of Surveys and Maps Meets to 
Perfect Organization 


The various developments leading to the creation of a new 
Board of Surveys and Maps which will codrdinate the many 
map making agencies of the Government were presented in con- 
siderable detail in MeEcHANICAL ENGINEERING for February (p. 
134). Since then the members of the Board have met with repre- 
sentatives of non-federal organizations for the purpose of de- 
termining the policy of the new Board and the manner in which 
it shall function. This meeting, held on March 9th, was called 
by the chairman of the Board, O. C. Merrill, Chief Engineer of the 
Forest Service, Department of . Agriculture. 

The report of the committee of representatives of the non- 
federal organizations was presented by M. O. Leighton of 
Engineering Council, who stated that while efficiency and economy 
in centralized mapping operations was most commendable, there 
might be certain occasions when it would be more advantageous 
for a particular department to do its own mapping.. The con- 
sideration of the Board in such eases would have to be in a large 
degree judicial and representatives of the interested department 
should be disqualified from participating in decisions affecting 
that department. It was further suggested that a plan should be 
adopted by which codperating non-federal agencies could have a 
Voice in the determination of the manner and the place of dis- 
bursement of their contributed funds. 

The report of this non-federal committee also commented upon 
the following special features of the conference report: the 
Preparation of skeleton maps of various seales; the methods of 
distribution as affected by the size of editions, costs, ete.; and 
the preparation of maps suitable for educational institutions. 
The need of a general topographic map of the United States and 
the means by which its preparation may be expedited was covered 
from the highway, railroad, and military standpoints by govern- 
mental and military officers 


i 

creagugineering Council is an organization of national technical societies 

those _e consider matters of common concern to engineers as well as 

uarter, pabiic welfare in which the profession is interested. The head- 

Bulla’ 3 Engineering Council are located in the Engineering Societies 

taing o8iqr2), West 39th Street, New York City. The Council also main- 
= Dashington office with M. O. Leighton, chairman of the National 

10th and GP artment, in charge. This office is in the McLachlen Building, 

are: JP, Streets, Washington, D. C. The officers of Engineering Council 

* Parke Channing, Chairman; Alfred D. Flinn, Secretary. 


The Patent Bill 


Due much to the efforts of Edwin J. Prindle and his col- 
leagues, the Nolan Patent Bill (H. R. 11984) was put on the 
House calendar for March 5th, and was passed on the same date. 
Mr. Prindle is chairman of the Patent Committees of both En- 
gineering Council and National Research Council. It will be re- 
called that extensive hearings were held before the House Patents 
Committee so that the case presented to the Rules Committee 
consisted in urging immediate consideration of the Bill. 

About sixty engineers, members of the Founder Societies 
or representatives of organizations using the Patent Office, 
supported Mr. Prindle. -When the hearing was over, the 
chairman of the Rules Committee told these men that it 
had been the most satisfactory hearing held by his com- 
mittee in over ten years and that the thorough disinterested 
manner in which the engineers had presented their case assured 
early action in the House. This assertion was borne out when 
the House passed the bill a few days later. The bill is now before 
the Senate Patents Committee who intend to hold short hearings. 


Administering the New Land Leasing Law 


The provisions of the Land Leasing Bill, to which reference 
was made in the last issue (p. 200), went into effect when the 
President signed it on February 26th. Its administration was 
handed over to the Interior Department, and to correct the mis- 
understandings that have arisen in connection with this new law, 
that department immediately prepared a set of regulations which 
have now been approved by the Secretary of Interior and are 
available for distribution. 

Inquiries received indicate that many had gained the impres- 
sion that leases on proven oil lands of great value were to be 
had merely by the filing out of an application prior to anyone 
else. The regulations point out that this is not the case, because 
proven oil lands of the Government are largely covered by claims 
of various kinds that have been in litigation for some time and 
which must be submitted for adjustment within six months. Until 
such claims are acted upon none of the lands can be leased and 
then only to the extent to which such claims are rejected. Further, 
if the Government grants a lease for their oil or coal land, ex- 
cept under the relief sections or as the result of a permit, it 
will only be by competitive bidding of which ample notice will 
be given to the public. 

The only part of the act which is self-operative and not subject 
to the regulations of the Department is the section which provides 
for securing a preference right for oil prospecting permit by 
posting a notice on the ground. This applies only to lands not 
in the geologie structure of a producing oil field. 


Government to Develop Inventions 


In order that the public, the industries, and the various depart- 
ments of the government may obtain the full benefit of scientific 
inventions and patents of departmental employees, a bill has 
been introduced by the Senate Committee on Patents, proposing 
to give the Federal Trade Commission authority to arrange for 
the development of useful inventions, patents, and patent rights 
in the broadest way. This procedure is to be under such regula- 
tions as the President shall prescribe. 

The Commission is authorized to collect fees and royalties for 
licensing the inventions, patents, and patent rights in such 
amounts as the President may direct and to deposit these in the 
United States Treasury; the necessary pereentages however may 
be reserved for the remuneration of the inventors of meritorious 
ideas. The appropriations of Governmental departments are 
made available for the payment of fees charged in connection 
with the granting of patents under this Act. 
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NEWS OF THE ENGINEERING SOCIETIES 


Meetings of The American Institute of Mining and Metallurgical Engineers, the American Institute of 
Electrical Engineers and the Engineering Society of Western Massachusetts 


American Institute of Mining and Metallurgical 
Engineers 


The annual meeting of the American Institute of Mining and 
Metallurgical Engineers was held in New York, February 16 to 20. 
The retiring president, Horace V. Winchell, outlined the civic 
activities of the Institute for the year. The new president, Her- 
bert C. Hoover, an abstract of whose address was published on p. 
194 of the March issue of MecHanicaL ENGINEERING, spoke on 
the national problems in which engineers are directly concerned. 

The leading technical feature was a conference of coal opera- 


- tors from all over the country, who assembled to diseuss the stabili- 


zation of the coal industry. At the opening of the conference, 
President Hoover, at whose suggestion it was called, outlined a 
program of study and work for the Institute and a constructive 
plan for the better working of the bituminous coal industry. Dr. 
Van H. Manning, Director of the Bureau of Mines, talked on 
Problems of the Coal Industry. Dr. George Otis Smith, Director 
of the Geological Survey, in Fluctuation of Production of Coal— 
Its Causes and Effects, presented a statistical analysis of the rate 
of output over a period of years, indicating the relative effect of 
shortage of transportation, shortage of labor, lack of market and 
other factors in producing intermittency in the operation of coal 
mines. H. H. Stoek, professor of mining at the University of 
Illinois, diseussed the Storage of Bituminous Coal and Its Pos- 
sibilities of Stabilization. Transportation as a Factor in Irregu- 
larity of Coal Mine Operations, by 8. L. Yerkes, vice-president, 
Grider Coal Fields Co., Birmingham, Ala., contained exact data 
as to the effect transportation facilities have on coal production, 
use of cars for storage, effect of more equipment, effect of lower 
rates in spring and summer, reduction of cross hauling, and long 
hauls by railroads of their own coal. 

Numerous papers of scientific interest were presented at the 
technical sessions on Iron and Steel, Non-Ferrous Metallurgy, Mill- 
ing and Smelting, Oil and Coal, and Industrial Organization. P. 
W. Bridgman described an experiment in one-piece gun construc- 
tion. During the war, the Navy undertook the construction of an 
experimental gun embodying features designed to lessen the cost 
and time of production. It was demonstrated by actual construc- 
tion and firing tests that a gun could be made from a single forg- 
ing, producing the required distribution of internal stresses by a 
preliminary application of hydrostatic pressure so high as to strain 
the material considerably beyond its yield point. The procedure 
was to start with a single forging of approximately the dimen- 
sions of the finished gun, subjected to internal pressure in one or 
more stages, depending on the external shape, high enough to 
stress the metal permanently and thus to raise the elastic limit 
by producing compression in the inside layers and tension in 
the outside layers. The technique of controlling the pressures 
required, which were of the order of 100,000 lb. per sq. in., 
rested chiefly in employing a packing which automatically became 
tighter at higher pressures. 

Tensile Properties of Boiler Plate at Elevated Temperatures 
was presented by H. J. French. At the request of a committee of 
the Engineering Division, National Research Council, a study was 

undertaken of the properties of boiler plate at various tempera- 
tures up to about 900 deg. fahr. Tests were made of 14-in. plates 
of firebox and marine grades. The test specimen was heated by 
means of an electric tube furnace, two spiral resistors in series 
being used. In both grades of plate, increase in temperature 
from 70 to 870 deg. fahr. was accompanied by distinct changes in 
strength and ductility. The tensile strength at first decreased a 
few thousand pounds per sq. in., reaching a minimum at about 200 
deg. fahr. This was followed by an increase up to about 550 deg. 
fahr., where the tensile strength reached a maximum about 10 per 
cent greater than the normal room temperature, after which an- 


other and final decrease oceurred. The percentage elongation jn 
2 in. decreased rather slowly up to about 200 deg. fahr., after 
which it dropped more rapidly, until a minimum was reached at 
about 470 deg. fahr. The reduction in area had a minimum at g 
slightly higher temperature than the elongation. The propor. 
tional limit at first increased slightly and showed a maximum 
in the neighborhood of 400 deg. fahr. for the firebox plate and 
the highest values between 200 and 300 deg. for the marine plate, 

Of striking importance were also the following: Intererys- 
talline Brittleness of Lead, by Henry S. Rawdon; Blast-Furnace 
Flue Dust, by R. W. H. Ateherson; Critical Ranges of Some Com. 
mercial Nickel Steels, by Howard Scott; the Coefficient of Expan. 
sion of Alloy Steels, by John A. Mathews; Physical Changes jp 
Iron and Steel Below the Therman Critical Range, by Zay Jeffries, 


The American Institute of Electrical Engineers 


The eighth midwinter convention of the American Institute of 
Electrical Engineers was held in New York from February 18 to 


-20. A feature of uncommon interest was a symposium on super- 


power plants and transmission for the Northeast seaboard zone. 
W. S. Murray, consulting engineer, New York City, explained that 
the super-power plan provided a means by which a present esti- 
mated machine capacity of 17,000,000 hp. in a region between 
Boston and Washington and inland from the coast 100 to 150 
miles, now operating with a load factor not exceeding 15 per cent, 
could be lifted to a load factor of more than 50 per cent and pos- 
sibly 60 per cent, and a means by which, conservatively speaking, 
one ton of coal would do the work of two or three. The railroads 
within the above zone and those carrying coal into that zone would 
thereby be relieved of transporting one-half the amount of coal re- 
quired for power and lighting purposes. That is, the value of 
machine capacity from a utilization standpoint would be increased 
from threefold to fourfold and coal resources for the purposes 
named be conserved twofold. It has been estimated that a saving 
of $300,000,000 a year would result from the establishment of this 
super-power system. In one of the other contributions it was 
pointed out that generating stations of from 200,000-kw. to 300; 
000-kw. capacity, employing generating units of from 50,000-kv. 
to 75,000-kw. capacity, would involve no difficulties of design, eon- 
struction or operation, and that from such stations a steam ¢oD- 
sumption rate of 10 lb. per kw-hr. or less and a total station rate 
of less than 11% lb. of good quality coal per kw-hr. output should 
be obtained. Hope was expressed that a bill appropriating money 
for this national need would be presented before Congress by 
July 1, otherwise the plan would have to be financed by backing t 
with Government bonds or interstate or private capital. 

The Measurement of Projectile Velocities, by Paul E. Klopsteg, 
physicist, Leeds and Northrup Co., and Major Alfred L. Looms, 
Ordnance Department, was the title of a paper discussing the 
quirements imposed by proving-ground practice upon a chrono 
graph intended for general ammunition testing. The number of 
Boulangé instruments in possession of the Ordnance Department 
was entirely insufficient for testing the immense quantities of al 
munition contracted for by the Government during the war, and a 
new type of instrument was accordingly developed and adopted 
as standard ordnance chronograph, which was designated “ Aber- 
deen chronograph.” It is an assembly of standard parts with 
a few necessary special ones and rapid production was thereby 
made possible. Many comparative tests as to accuracy were ma 
during the process of development, and invariably the average dis 
persion with the Boulangé chronograph was found to be from sa 
to four times as great as with the Aberdeen. In routine firing, 
the three Aberdeen chronographs tested agreed within one or {¥? 
feet per second on a velocity of 1700 ft. per see., and only rarely 


258 


A pail 

| 1920 
did 
: Th 
: of on 
mont 
expel 
tons | 
| of th 
dustr 
of on 
anoth 
Mr. 
| in sul 
the p 
| Pai 

dent 
| Comn 
| and a 
conve 
Er 
Cam 
4 Com 
E. H 
of Sy 

lem, 
of th 
Gor 
; Ur 
to m 
re 
regal 
mont 
a and | 
| the | 
Th 
Risk 
signe 
state 
i 
follo 
dise} 
| | long 

i] 


ras aaer & 


‘0 MECHANICAL ENGINEERING 


aid the maximum dispersion at this value become as great as 5 
sec. 

7. economic and sociological aspects of daylight saving were 
jiseussed by Preston S. Millar, who stated that this wartime meas- 
ure had reduced the total output of certain central stations and 
of one gas company by about 3 per cent during the seven summer 
months, reduction in output for lighting alone having averaged 8 
per cent. Applying these data to the country as a whole, Mr. 
Millar estimated an annual saving by the public of $19,250,000 in 
expenditure for artificial light and a reduction of about 495,000 
tons per annum in consumption of coal. On the other hand, he 
estimated the economic losses resulting in consequence of interfer- 
ing with agriculture, dairying and truck gardening at over $1,000,- 
900,000. He therefore concluded that the very obvious solution 
of the problem appeared to lie in diversification of hours of in- 
dustry. Since advancement of clocks, while serving the interests 
of one part of the population, has proved so disadvantageous to 
another part as to compel return to correct time, it seemed obvious, 
Mr. Millar pointed out, that those who benefit by advanced time 
in summer should adjust their habits as desired without disturbing 
the practice of the remainder of the population. 

Participation of engineers in public affairs was urged by Presi- 
dent Townley in his address. A sub-committee of the Standards 
Committee of the Institute submitted a proposal to standardize 
symbols for use in electrical diagrams, and offered for criticism 
and approval a tentative list of the more fundamental symbols. A 
dipner-dance at Hotel Astor constituted the social function of the 
convention. 


Engineering Society of Western Massachusetts 


The February meeting of the Engineering Society of Western 
Massachusetts was held on February 24 at the High School of 
Commerce Auditorium, State Street, Springfield, Mass. Mr. W. 
E. Hodge, who is deputy in charge of street lighting in the city 
of Springfield, spoke on Street Lighting as an Engineering Prob- 
lem, and Mr. John L. Harper, vice-president and chief engineer 
of the Niagara Falls Power Co., spoke on Niagara Falls Power 
Developments. Both lectures were illustrated by slides. 


Government Issues Special Ruling on Reinstate- 
ment of War Risk Insurance 


Under a new and very liberal ruling, of far-reaching importance 
to millions of former service men, War Risk (term) Insurance, 
regardless of how long it may have been lapsed or canceled, and 
regardless of how long the former service man may have been 
discharged, may be reinstated any time before July 1, 1920. 

The only conditions to be met are: (1) The payment of two 
monthly premiums on the amount of insurance to be reinstated; 
and (2) The applicant must be in as good health as at the date of 

or at the expiration of the grace period, whichever is 
the later date. 

‘The new ruling is the most important liberalization of War 
Risk Insurance since the passage of the Sweet bill, and is de- 
signed for the special benefit of service men who failed to rein- 
sate their insurance prior to the new law, and who have been 

for more than 18 months. 

‘Service men may still reinstate their lapsed term insurance 
at any time within 18 months following the month of discharge 
F complying with the same conditions. Within three months 
illowing the month of discharge reinstatement may be made by 
Smply remitting two months’ premiums without a formal ap- 
Pucation or statement as to health. 
dig ent may also be made after 18 months following 
harge, as follows: If the insurance “has not been lapsed 
a than three months by complying with the conditions out- 
ser aig From the fourth to the eleventh month, inclusive, 
tition <a] complying with the same conditions, and in ad- 
putahl tting a formal report of examination made by a re- 

=> Physician substantiating the statement of health to the 
on of the Director of the Bureau. 


War Risk (term) Insurance may be converted into United 
States Government Life Insurance, now or at any time within 
five years after the formal termination of the war by prociuma- 
tion of the President, and such Life Insurance, including Ordin- 
ary Life, Twenty Payment Life, Thirty Payment Life, Twenty 
Year Endowment, Thirty Year Endowment, and Endowment at 
Age of 62, may now be paid in a lump sum at death, if such 
method of payment is designated by the insured. 


Annual Report of the A.I.M.E. 


In the report of the president of the American Institute of 
Mining and Metallurgical Engineers for 1919 it is gratifying to 
note the establishment of the Robert W. Hunt Prize for the 
best paper on the subject of iron and steel presented to the 
Institute for publication. Rules for this prize have been adopted 
and a medal is being designed by the distinguished artist, Mr. 
Emil Fuchs. Two bronze tablets have been erected at the head- 
quarters of the Institute, one in memory of Dr. James Douglas 
and the other commemorative of the American Institute of Metals 
which was affiliated with the A. I. M. E. in the year 1918. 

The Institute has also taken an advanced stand with regard to 
professionalism and established a precedent worthy the attention 
of other professional organizations in the expulsion of members 
believed to be unworthy the honor or privilege of membership. 
The report states that two members have had the privileges of 
membership withdrawn—as many as during the past six years— 
and comments as follows: “If an engineer is unworthy be- 
eause of his lack of integrity, it is better that he be expelled 
forthwith, and members are urged for the good of the profes- 
sion to bring to the attention of the Directors any cases of un- 
professional conduct on the part of A. I. M. E. members. We 
believe that the increase in number of cases reported this year 
is due to the establishment by the members of a higher qualifica- 
tion for membership, and therefore a greater appreciation of the 
honor and responsibilities of membership.” 


TIGHT-FITTING BOLT THREADS 


(Continued from page 224) 


In conclusion it may be stated that the tests would seem to 
indicate the following: 

1 The cause of stripped threads is lack of room into which 
the metal can flow 

2 The pitch diameter should be the same in both threads 

3 The lead should be the same 

4 The thread angles should differ by not more than 10 deg. 

5 The limits for the inside diameter of nut need not be 
adhered to closely, as the inner part of the nut thread exerts very 
little, if any, holding power. 

6 The outside diameter of plug and pitch diameter of both 
plug and nut are important and should be adhered to fairly 
closely. 


DISSIPATION OF HEAT BY SURFACES 


(Continued from page 232) 


of 0 deg. Then, since the watts dissipated varies directly with 
the temperature excess for a constant air velocity, it is seen that 
about 45 per cent more heat will be dissipated per degree under 
the above conditions of air velocity and heat supplied for an 
angle of incidence of about 42 deg. than for either perpendicular 
or parallel incidence. It is further seen that the least heat will 
be dissipated for 90 deg. incidence or when the coil is parallel 
to the air stream. 

Tests were also made for perpendicular incidence of the air 
stream for various positions of the coil about its axis. No notice- 
able difference was observed other than what might well be 
ascribed to experimental error. This is quite significant since it 
shows the factor of importance to be the relative position of the 
axis of the coil in the air stream and not the relative position 
of the coil about its axis. Such a condition is quite likely to 


hold for all objects completely within the air stream. 
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VENTURI-METER CALCULATIONS 


(Continued from page 220) 


P,— P,, that is, actual manometer readings. Interpolation could 
then be resorted to, and by dividing the value of Q\/ 7, found in 
the ordinate by the square root of the inlet temperature the flow 
in cubic feet of free air per minute could be obtained. The ac- 
curacy would depend upon the care taken in the interpolation. It 
was generally within 2 per cent, however, which was sufficient to 
answer the purpose for which this set of curves was devised. 


CALIBRATION 


After consideration and trial of several methods of calibration, 
it was decided to check the meter against thin-plate orifices, using 
the empirical formula 

405.4 — 


Q VT 

where Q and T are the same as before; A is the area of the orifice 
in sq. in.; P, is the pressure in lb. per sq. in. abs. in front of the 
orifice; and P, is the pressure in the same units beyond the orifice. 

This formula, like formula [2], is due to Mr. Reynolds, and 
has been checked by him by means of a large number of very 
accurate experiments. Three orifices were used, having diameters 
of % in., % in. and 0.191 in., respectively. All the plates were 
ts in. in thickness and made of brass. 

The results of this calibration are shown in Fig. 2. The coeffi- 
cient seems to decrease with an increase in flow. This is not in 
accordance with the results obtained by several other investigators, 
but the orifices were later checked up and further runs made with 
substantially the same results. Another calibration was made 
after more than a year of operation of the meter, and, despite 
some slight corrosion and roughening of the walls, the coefficient 
was found to be very nearly the same. It is the writer’s opinion 
that for most experimental work one would be very safe in assum- 
ing the coefficient of a carefully constructed venturi meter when 
metering compressed air to be practically unity, providing the 
ratio P,/P, was not less than 0.90. 


TABLE 1 VALUES OF f (P:/P:) FOR VALUES OF P:/P; FROM 


1.00 TO 0.90 
Pa (2 
Pi f Pi f P; 
0.90 0.1600 0.97 0.0917 
0.91 0.1534 0.98 0.0753 
0.92 0.1456 0.985 0.06535 
0.93 0.1369 0.99 0.0535 
0.94 0.1276 0.995 0.0370 
0.95 0.1170 0.9975 0.02688 
0.96 0.1057 1.0000 0.00000 

MANOMETERS 


As stated before, it was necessary to use two manometers, one 
filled with water and the other with mereury. This was necessary 
in order to read accurately values of AP from about 11 lb. per 
sq. in. to 0.10 lb. per sq. in. A valve and piping arrangement 
with which it was possible to quickly change from one manometer 
to the other while under pressure, and at the same time keep 
the liquid in the manometers from being blown out, is shown in 
Fig. 3. Its operation is apparent. It is necessary, however, to 
be sure that the valves connecting the two legs of each manometer 
are open when making any change of valves Nos. 1, 4 or 5, or 
whenever valves Nos. 4 and 5 are closed, and also that valve No. 2 
remains open at all times when the water manometer is not in use. 

It was found that rubber washers cut from soft sheet rubber 
made the most satisfactory packing for the stuffing boxes on the 
air, water and mercury ends of the manometers. Brass stuffing 
boxes and U’s were used, excepting on the lower end of the mer- 
cury manometer, where wrought iron was used. Glass tube 3 mm. 
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outside and 1 mm. inside diameter was found to be sati 
At first an attempt was made to make the manometers from , 
single piece of glass bent into shape, but it was discovered thy 
the internal strains set up by the heating were so great ag {) 
render the tubes unreliable when used at this pressure. 

In the final set-up it was necessary to replace the 1-in, Piping 
which connected the venturi meter with the manometers with 1 in 
piping, and to provide small water traps or pockets at the point 
where these pipes were connected to the venturi meter. This wy 
done in order to prevent water, which was frequently in the com. 
pressed air, from working its way over into the piping and eym 
into the manometers, and thus rendering the readings inaccurate 
A large number of experimental runs, otherwise perfect, wer 
spoiled before this fact was discovered. 

The total drop in pressure across this venturi tube for rates 
of flow under 100 cu. ft. per min. was only a fraction of a pound 
per square inch, while at 200 cu. ft. per min. it was only about 
2.5 lb. per sq. in. when P, was 100 lb. per sq. in. gage. At rates 
of flow greater than this, however, the drop increased rapidly, 


PHYSICAL BASIS OF ATR-PROPELLER 
DESIGN 


(Continued from page 219) 


mediate line undoubtedly represents different types of flow m 
the two parts of the aerofoil. This is possible because of the 
center support which divides the aerofoil into two parts. At the 
point of discontinuity corresponding to the second critical speed 
the lift reading becomes unsteady and the flow phenomena le. 
come unstable and jump from one type to another until the nev 
form is established. Fig. 12-A shows the unstable flow of the 
transition, and Figs. 12-B and 8 show the flow of the final lov- 
drift régime. 

The discovery of this second critical speed is one of the novel 
and significant features of the experiments. Simultaneous obser- 
vation of the balance and the flight vortices made the discovery 
possible; affording proof that the two types of flight vortices 
ean be identified with the two values of the lift coefficient, one 
belonging to a high LD régime, the other to a low L/D régime 

Various experimenters have in the past given evidence of dis 
continuity of the flow past aerodynamic objects. As applied to 
aerofoils, Mr. Orville Wright conducted in 1918 a particularly 
interesting series of experiments, the results of which unfor 
tunately have not been published, wherein new discoveries wer 
brought out regarding the discontinuity of flow about propelle 
sections. He found that at certain angles thick sections mal 
fested a dual value of the coefficients, the angle at which dises- 
tinuity occurred deperiding on whether the angle was inereasilg 
or decreasing at the time when the readings were taken. He 
interpreted the phenomenon as due to a change of air flow. He 
found two distinct values of the lift coefficient and of the drift 
coefficient throughout the range of instability; the high lift valw 
always corresponding to a low drift value and vice verse. I 
was possible to make the values change back and forth betwet 
the two points at will by disturbing the air current. ; 

The writers have been able to verify conclusively Mr. Wright’ 
assumption that his results involved a change of air flow; wher 
ever discontiuity has been encountered in our experiments * 
has always been found that the drag and lift became discontinuo® 
simultaneously, and that the high value of lift always coincided 
with the low value of drag. 


PracticaL SIGNIFICANCE OF THE RESULTS 


Reference has already been made to the prospect, opened by 
these experiments, of developing a usable physical thory ° 
flight. The immediate practical results have also been imports 
especially as regards propeller design. For example, We bar 
demonstrated the existence of a limited tip speed. as 
When the critical speed at which the change. in flow 
place is reached, there is in some eases a violent chattering ° 
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model and support; and the nature of the vibrations readily 

ts a connection with the fluttering sometimes observed in 
propellers. The speed encountered is equal to the tip speed of 
slow-speed propellers, but is considerably inferior to the tip 
speed of the very large fast-turning propellers used on the 
Liberty engine. 

Many static tests carried out by the writers on propellers have 
shown an effect which appears to be related to the discoveries 
made during the series of aerofoil experiments. It is well known 
that the ratio of propeller thrust to propeller torque must be 
independent of speed of revolution if both thrust and torque are 
proportional to the square of the revolutions. It has been found 
in practice, however, that the ratio of thrust to torque decreases 
greatly with revolution speed when high tip speeds are reached, 
and that it sometimes shows a rapid decrease accompanied by 
violent fluttering. The analogy to the results of the aerofoil 
tests is obvious and it is felt that considerable study is desirable 
in order to connect these facts in a rational manner. 

We have found by practical experience that if we do not go 
below a value of V/ND (velocity/r.p.m. of engine X diameter of 
propeller) of 0.65 we get a very fair propeller efficiency. As we 
have gradually increased the speed of our planes we have gone 
on increasing the r.p.m. of the engine and the diameter of our 
propellers so that the value of V/ND has remained about the 
same for the great majority of propellers in actual service. 


We have always assumed that there was no limit to this develop- 


ment aside from the characteristics of the plane and engine. 
That is, we have made the assumption that we could double our 
propeller speed just as soon as we were able to double our 
plane speed and strengthen our engine enough to stand the 
stresses involved. 

It now appears, however, as though there is a limit to propeller 
speed aside from the value of V/ND or, to use more familiar 
terms, aside from pitch ratio. 

Unfortunately, even the speed obtainable in the McCook Field 
wind tunnel is not great enough to measure the limiting velocity 
for relatively thin sections when set at low angles, consequently 
we are only able to infer that it exists. 


ConcePTION oF LimitinGc Stress In Dynamics 


Mathematical studies of first importance, which are now classi- 
cal, on the nature of the flow about an aerofoil have been devel- 
oped by Helmholtz, Kirchoff, Lord Rayleigh, Lanchester, Prandtl, 
Kutta, Karman, Greenhill, Lewis and others. Dr. Georges de 
Bothézat has put forward some very interesting ideas about the 
effect of stresses in the fluid on the nature of the air flow, and 
by his theory it is proper to consider in fluid dynamics the same 


. Sort of stresses with which we are familiar in solid statics. 


It is Dr. de Bothézat’s conception that the type of flow which 
establishes itself is governed by the stresses set up in the air 
passing the aerofoil. The unit stresses increase as the velocity 
rises. It is easy to conceive that a given type of flow is possible 
only so long as the shearing stress, developed in the fluid, does 
not exceed a certain magnitude which depends on the value of 
the viscosity coefficient. When the stress reaches a certain 
qitical value, rupture occurs in the air-flow structure; adjacent 
layers of air begin to slide past each other. Since there is no 
longer flow similarity, the aerofoil characteristics must change in 
the manner described earlier in this paper. 


BOOK NOTES 


AMERICAN Gas WorKs Practice. Standard Practical Methods in Gas 
Fitting. Distribution and Works Management. By George 
Wherle. Progressive Age Publishing Co., New York, 1919. Cloth, 
6x8 in., 741 pp., illus., tables, $4.00. 

This work is intended as a general reference book on gas-works 
Practice in this country, with special emphasis on gas-fitting prac- 
tite. Approximately, one-half of the book-is given to the latter 
lopi¢, and the methods used in street and house distribution, 
standards adopted, ete., are fully described. 
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APPLIED MOTION Stupy. A Collection of Papers on the Bifficient 
Method to Industrial Preparedness. By Frank B. Gilbreth and 
L. M. Gilbreth. The Macmillan Co., New York, 1919. Cloth, 
5 x 8 in., 220 pp., plates, 1 chart, $1.50. 

This collection describes the application of motion study in 
various fields of activity and the methods by which it is applied. 
It also gives the results obtained in various cases ‘and suggests 
the fields in which it may be used with benefit. 


CHILTON AUTOMOBILE: DIRECTORY, January 1920. Pubjished quarterly 


by the-Chilton: Philadelpitia: Clothy ing [1900 pp., $5.00. 
This quarterly difestory: of the ‘automobile industry contains 


a classified list ofthe Amiérican’ manufacturers of) passenger and 

commercial motor-cars, automobile equipment, p and machin- 

ery for their manufacture. The arrangement is alphabetic and 
the classification is quite detailed. 

In addition, the book contains a directory of automobile trade 
associations, a table of the serial numbers of American motor 
ears, the standards of the Society of Automotive Engineers and 
various engineering tables. 

ENGINEERING MACHINE TooLs AND Processes. A Text-Book for 
Engineers, Apprentices, and Students: in Technical Institutes, 
Trade Schools and Continuation Classes,.. By Arthur G. Robson. 
Longmans, Green & Co., New York, 1919. Cloth, 6% 9 in., 307 
pp., illas., table, $4.00. 

This work presents a course in. the study of machine 
work and machine tools which is pra “raffiefthan theoretical 
in character. The methods and machines deseribéd are those used 
in British shops and the volume is intended for use in that 
country. 


FaticvE Stupy, The Elimination of Humanity’s Greatest Unneces- 
sary Waste, a First Step in Motion Study. By Frank B. Gilbreth 
and Lillian M. Gilbreth. The Macmillan Co., New York, 1919. 
Cloth, 5 x 8 in., 175 pp., plates, $1.50. 

This book is a study of fatigue in workmen and its prevention. 
It aims to determine what fatigue results from various types of 
work and how unnecessary fatigue may be eliminated and neces- 
sary fatigue reduced to a minimum. Numerous appliances and 
methods are described. 


HicgHWAy INSPECTORS’ HANDBOOK. By Prevost Hubbard. First edi- 


tion. John Wiley & Sons, Inc., New York, 1919. Flexible cloth, 
4x 7 in., 372 pp., 55 illus., diagrams, tables, $2.50. 

The author has endeavored to present most of the important 
details of highway construction and maintenance, as briefly as 
possible, in such form as to be quickly available to the inspector, 
who wishes to be told what to do rather than what others have 
done under similar circumstances. Considerable explanatory 
matter has been included, and diagrams have been used freely 
to present data in convenient form for field use. 
MANUFACTURE AND USES OF ALLOY STEEL.. By Henry D. Hibbard. 

John Wiley & Sons, Inc., New York, 1919. Cloth, 6 x 9 in., 110 
pp., $1.25. (Wiley Engineering Series.) 

In this monograph the author has tried to give briefly informa- 
tion of present value relating to the manufacture and uses of the 
various commercial alloy steels, with the hope of stimulating the 
demand for them and extending their practical use. The steels 
considered are tungsten, chromium, manganese, nickel, silicon, 
nickel-chromium, chromium-vanadium and high-speed tool steels. 
Bibliographies are given for each. ; 

THE PRINCIPLES OF EXLECTRICAL ENGINEERING AND THEIB A’ Ca- 
TION. Vol. 2. By Gisbert Kapp. Longmans, Green & Co., New 
York, 1919. Cloth, 6 x 9 in., 388 pp., 173 diag., $6. 

The present textbook is intended for all general enginéering 
students and also as a handbook for general engineers. For the 
latter, the author attempts to provide a work which will give him 
the fundamental principles of the subject and describe their ap- 
plication in practical engineering, without burdening him with 
minute details of design. It will, the author hopes, enable the 
general engineer to determine whether and how any particular 
piece of electrical plant can be used or adapted for a particular 
purpose. 

Volume 1, dealing with Principles, appeared in 1916. The 
present volume treats of the applications of these principles in 
electrical machines. 
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‘Have You Ordered Your Copy? 


The 1919 edition of THe ENGINEERING 
InpEX—a master key to the important 
engineering developments of the year— 
will soon be off the press. 


It should find a preferred position on 
every engineer’s book shelf. The en- 
gineering press of the world, comprising 
more than 1100 publications, represent- 
ing twelve different languages, has been 


systematically searched during the past 
year for the more than 12,000 references 
which have been compiled, classified, 
and alphabetically arranged. 


Edition Will Be Limited 
The number of copies to be printed will be 


determined strictly by the number of advance 
orders and requests for examination, which 


are received. 


Geis Tue American Society of Mecuanicat ENGINEERS To insure against your being disappointed, 
ag West 39th St., New York Ci hare 
your order or request should be sent in with- 

Gentlemen: Please enter my order for one copy of the 1919 out dela 

Engineering Index, to be mailed as soon as issued, at $4.00 y- 

postpaid. This order is given subject to return, if I so 


ee desire, after ten days’ examination. 


In case you desire to examine the volume 
before purchase, it will be sent subject to 
your approval. Sign and mail the coupon. 


1920 


If you area memb r ef th- A S. M. E. place a cross here [J and the book 
will be charged to your account. 
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